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A Factor Analy s i s  of Phys ical Fitne s s  Components 
for Seventh Grade Chinese Students 
ABSTRACT 
The main purpose o f  thi s s tudy i s  to explore the bas i c  
elements o f  physical fitnes s , which c a n  serve as a source 
for the con s truction of a physical fitne s s  tes t  for Chine se 
s tudents . The sub j ects o f  thi s  s tudy are 10 0 mal e  s eventh 
grade s tudents of j unior high school in Kaohs iung C i ty, 
Republic o f  China . 
A phys ical f itne s s  tes t cons i sting o f  29 subtests was 
devi sed and used a s  the ba s i s  for the inve s tigation . Data 
collected from tests were ana lyz ed by means of factor 
analy s i s  and resulting in the fol lowing : 
I. Seven bas ic elements that account for phy s ical 
fitnes s were found . They were speed-exp lo s ive strength , 
the s i z e  of the body , endurance ,  coordination, str ength o f  
body muscle, f lexib i l i ty , and dynamic flexib i l i ty-dynamic 
s trength . These s even fac tor s  accounted for 7 0% o f  the 
total variance of phys ical fitne s s . 
I I. Items in the phy s ical  fitne s s  tes t  which 
correspond to fac tor s were given below : 
1. Speed-explosive strength factor - 1 0 0 , 4 0 , 8 0 , 6 0 , 
and 50 meter dashes , s tand ing long j ump ,  shuttl e run and 
vertical j ump .  
2 
2 .  The s ize o f  the body factor - wei ght , height , gr ip 
strength , chest girth , softbal l  throw for accur acy , handbal l  
throw for d i s tanc e . 
3 .  Endurance factor - 1 0 0 0 , 12 0 0  and 8 0 0  meter run. 
4 .  Coord ination factor - standing tr iple jump , soft­
ball throw for d i s tance . 
5 .  S trength o f  body muscle factor - s it-ups for 1 
minute , s it-ups for 3 0  second s . 
6 .  F l exibil i ty factor - s ide- steps , trunk exten s ion 
backward , z ig- zag run . 
7 .  Dynamic flexibil ity-dynamic str en gth factor -
trunk exten s ion forward , push-up s ,  pul l -ups . 
Accord ing to the investigation described above , each 
of the s even bas ic elements o f  physical f i tnes s  wa s 
virtual ly independ ent . When high scores on certain fitnes s 
measure s are found but are not found on other mea sures , we , 
therefore , cannot a s sume there i s  a "general phys ica l 
fitnes s" criter i a . 
ACKNOWLEDGEMENTS 
The writer wi shes to extend his sincere gratefulnes s  
to his innnediat'e advisor , Dr . William Buckellew, for his 
assistance, undying support , ins ightfulnes s ,  and enthusiastic 
approac h .  His suggestion s  were invaluable t o  the f low of this 
thesis. 
The autho r  i s  indebted to Dr. Walter s. Lowell , and 
Chairman Wi lliam McCabe for their continual support and 
construct ive critici sm throughout this s tudy . 
To the chi ldren who participated in the pilot and actual 
s tudies,  the writer expre s ses gratitude and s incerity for 
their contribution to this study and their conveyance o f  
hope and happiness . 
To my parents and my wife ' s  parents who never failed 
to present encouragement and support at all  times. 
Mostly, to my wife, Tina; my two sons , Jon and Hs in­
Hsun , for their inspiration , patience and support and who se 
sacrifice made thi s  s tudy pos s ible and worthwhile. 
TABLE OF CONTENTS 
Page 
LIST OF TABLES • • . . . . . . . . . i i i  




INTRODUCTION • • • • • • •  . . . . . . . 
Statement o f  Problem . • . . . 
Statement cf Hypothes e s  • 
. . . . 
. . . . 
Need for the S tudy • •  . . . . . . 
Definition o f  Terms 
Limitation of Study 
REVIEW OF RELATED L ITERATURE • •  
. . . . 
Larson and Yocom's Structure of 
Physic al F itne s s . • • • • • • 
T .  K. Cureton ' s Structure o f  
Athl etic Abi l i ty • • • • • •  
University of Ca l i forni a  Phys ical 














c;>zens ' Ba s ic Atht.e�ic tA..JJ __ . l'"rr ,....,_.J w  __ . l_r�,.._·· >· <::\ · A l. i ty • ·s� • 't-.C,{'j/e • i/;L f v ·�co/\ --: 
The App lication o f  �actor 
Analys i s . . • • • • • • • • • • • • 10 
Japanese Athlet ic Abi l i ty Tes t  and 
Diagno stic Te st o f  Bodi ly S trength. 12 
Chine se Ministry of Education's 
Phys ical Fitne s s  Test • • • • • • • 1 3  
Comments o f  the Investigation o f  
the Present Study • • • • • • • • • 1 5  
Swranary • . • • • 
i 
. . . . . . 16 
CHAPTER Page 





A .  
B .  
VITA • 
Subj ects • • . . . . . . . . 
Instrument o f  the S tudy • . . . 
Test ing Procedure . . . 
ANALYS I S  AND DISCUSS ION OF DATA • 
Stat i stical Treatment • • 
D i s cus s ion o f  Data . • . . . 
Comparison of the Resul t s  o f  the 
S tudy with Tho s e  Pub l i s hed o f  
. . . 
2 2  
25 
29 
3 1  
3 1  
6 4  
Other Scholars . • • • • • • • • • • 7 0  
Comparison o f  the Results o f  Thi s  
Study with .the Chinese Educ ation 
Min i stry Tryout Te st . • • • • • • • 7 1  
SUMMARY , CONCLUS IONS AND 
RECOMMENDATIONS • • • 
Conclus ions . • • 
Recommendations • . . . . 
. . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 
RAW SCORES FOR ALL SUBJECTS ON EACH 
VARIABLE OF THE 29 SUBTESTS • • • • • 
TEST MANUAL 
. . . . . . . . . 
i i  
. . . . . 
. . . . 
74 

















LIST OF T ABLES 
Rel i abil i ty and Validity Tes t  Items 
and Correlations Among Various 
Items , Junior High Schoo l  Boys 
from Chinese Min i stry of Education, 
1976, p. 26-28 • • • • • • • • • • • •  
Reliability and Validity of Test Items 
and Correlations among Various Items , 
Elementary School Boys . . . . 
Chinese Education Ministry Phys ical 
Fitnes s Test . • . . . . . . . . 
Reliability Score for Each S ubtest 
for Each Group on the Chinese 




Fitnes s Test • • • • • • • • • • • • • 
Validity o f  Each Subte st of Each Group 
on the Chinese Education Ministry's 
Physical Fitnes s Test • • • • • • • • •  
Rel iability Scores for the Fitnes s  
Tests Used in this Study • • • • 
Reliability of the Japanese Athletic 
Ability Te st • • • • • • • • • • • 
The Intercorrelation of Coefficients 
of the 29 Subtes ts • • • • • • 
The Obtained Factor Matrix Based on 
Table 4-1 After Princ i pal 
Component Analys i s  • • • • • • 
4-3 Factor Matrix Obtained from Table 4-1 
4-4 
by Iteration • • • • • • • • • 
"The Rotated Factor Matrix" from Table 
4-3 Through Varimax .  • • • • • • • • • 
4-5 The Rotated Matrix o f  Eight Extracted 
4-6 
Factors • • • • • • • • • • • • • 
Comparison of the Results with 
Assumptions of the Present Study 
iii 



















LIST OF FIGURES 
Diagram o f  Larson and Yocom ' s  
Structure of Phys ical Fitnes s  (1951) . . 
T .  K .  Cureton's Structure of Bodi ly 
Strength • • • • • • • • • • • • 
Determining the Number of Factors 
in Table 4-2 (Factor Matrix 
by Scree Test)  • • • • • • • • • 
iv 







Scholars of other countries have r ecogni z ed the impor­
tance o f  phys i cal fitnes s and have investigated the s tructure 
of fitness  much earl ier than the Chinese. As a resul t, a 
considerabl e  amount of research has been done on the s truc­
tural elements as wel l  as the development and admini s tration 
of testing physical fitness. In contras t , the C hinese have 
done little in thi s respect because the establi shment of re­
search institute s  of physical education developed later than 
other countr ies and due attention was not qiven. Conse­
quently, the Chine se need to promote more research in 
physical education and especially in the area of fit ness.  
Statement o f  the Problem 
The purpose of this study was to determine by factor 
analys is  the common factors of phy sical fitness  for seventh 
grade junior high schoo l male students in the Republic of 
China . 
Statement of Hypotheses 
Ac cording to the objectives of thi s study and on the 
ba sis of the available l iterature , the fol lowing hypotheses 
2 
were constructed: 
1) Data from the 29 sub�ests of physical fitne ss will 
y ield by means of a factor analysis seven common f actors, 
whic h will account for 70 percent of variance of the total 
test. 
2 }  The subtests that may be re lated to a common factor 
are as f ollows: 
1. Factor P1 - Includ es the 40, 50, 60, 80, and 100 
mete r dashes, shuttle run , ve rtical 
jump, standing long jump, and a 
triple jump. 
2. Fac tor P2 - Includes the 800, 1000, an d the 
1200 meter runs. 
3 .  Factor P3 - Includ es sit- ups for 3 0  seconds an d 
sit-ups for one minute. 
4. Factor P4 - Includ es push-ups, pull-ups, and 
f orward trunk extension. 
5 . Factor P5 - Includ es the handball throw f or 
distanc e, shot-put, baseball throw 
f or accuracy , and softball throw for 
acc uracy. 
6 .  Fac tor P6 - Includes the height, weight, chest 
girth, and g rip str en gth. 
7 .  Factor P7 - Includes sid e stepping, zig-zag run, 
and bac kward trunk extension. 
3 
N eed f or the Study 
Chi-Yong Yang ( 38 : 4 3- 5 9) , an educator, conduc ted a 
comparative study of the dif f erences in phy sical f itness 
among Chinese, American, and Japanese stud en ts. T he results 
s howed th at phy sic al f itness of the Chinese students was f ar 
below that of American and Japanese. O bviously , the problem 
of phy sic al f itness among Chinese students should no longer 
be overlooked and a physic al f itness test appropriate f or 
the Chinese should be developed. Chinese studies in the 
f ield of phy sical educ ation have not been well developed and 
the methods that investigators employed have been outdated 
resulting in a lack of emphasis on f itness. 
Chinese understanding of the structure and assessment 
of phy sic al f itness was developed mainly f rom the literature 
published in other c ountries. However, it has become evid ent 
that the suitability of the researc h in other c ountries was 
limited due to the dif f erenc es in the Chinese c ulture, 
environment, and possibly the anatomic al dif f erenc es of the 
people. 
The Chinese need to determine the c omponents of physic al 
f itness as they relate spec if ically to the Chinese population. 
A modern Chinese phy sic al f itness test needs to be developed 
so standards c an be established relevant to the Chinese. 
Def inition of Terms 
The following terms have been def ined as they were used 
4 
in thi s  s tudy : 
Phys ical fitne s s  test s cores 
The phy s i c al fitnes s  tes t  s cores of the first year male 
students of Jui-Fong Junior High School and Kuang-Hua Junior 
High Schoo l  were obtained from 29 subtests . 
Structure o f  phys ical fitness 
Those common factors extracted from the test items of  
phys ica l f itnes s  through factor analy s i s . 
Limitat ion o f  Study 
The s tudy was limited to a sma l l  sample of male s tudents 
of the s eventh grade of  school s  in Kaohs iung City , Taiwan , 
Republic  o f  China . Kaohs iung i s  a densely populated area 
o f  1,200,000 people . The s ample may be representative of  
the s eventh grade students in Kaohs iung but may not represent 
the whole of Taiwan s ince sma l ler communities  and several 
rural area s were not included in the s tudy. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
Thi s s tudy rel at ing to the components of the physical 
fitnes s of Chinese  children , was an attempt to improve an 
under standing of phy s ical f itne s s  as it relates to the 
Chine se . This chapter reviews the s tructure of physical 
fitnes s ,  phys ical tasks developed in various countries, 
includ ing the Republic o f  China and the appl i cation of 
factor analytic s tudies 
Lar son and Yocom's Structure of  Phys ical Fitness 
Larson and Yocom (22:154-164} i l lustrated the structure 
of phys ical fitne s s  as shown in Figure 1. They present the 
s tructur e  of physical  fitnes s  in the form of a staircase and 
each level serves a s  the bas i s  for the one above. 
Larson and Yocom cons ider the structure and function of 
the body to be bas ic to the development of skills. The next 
level includes bas ic components such a s  strength, flexibi l i ty, 
agility , and endurance which s erves a s  the bas i s  to the 




T .  K. Cureton's Struc ture o f  Athletic Abi l i ty 
Cureton ( 1 2 : 1 8-2 5) e stabl i shed a d ifferent view from 
that of  Larson and Yocom . Cureton d iagr ammati z ed the s truc­
ture. of athletic abi l i ty as shown in F igure 2 .  Cureton 
attempted to define physical fitnes s  as bodi ly s trength . 
With thi s in view , he ana ly z ed the s tructure of athletic 
abi lity by divid ing the range that man adapts himself  to his 
surround ings into the fol lowing four c ategor ies; phy s ical  fit­
nes s , emot ional fitne s s , consc ious fitnes s, and social fitnes s .  
Figure 1 i llustrates that Cureton d ivided phy s ical f itness 
into f ive areas , namely , the state of organs , phys ique , motor 
fitnes s ,  sense organ fitnes s ,  and athletic ski l l . Further­
more , motor fitnes s  was broken down into components , such a s  
equil ibrium flexibi l ity , agil ity , muscul ar s trength , power , 
and endurance .  The s e  were cons idered by Cureton to be 
important aspec t s  of athletic abi l ity .  
The d i fference between Cureton's and Larson and Yocom's 
structure i s  that Cureton did not spec ify those fundamental 
abilitie s  such as  running , j ump ing and throwing . Instead , 
he placed empha s i s  on f itne s s o f  the sense organs , which 
served as the bas i s  of athletic ski l l s . 
Univers ity of  C a l i fornia Phys ical Effic iency Tes t  
The Univers ity o f  Cal i fornia Phys ical Effic iency Tes t  
(37 : 1 5 1- 1 5 4 ) was construc ted i n  accordance with the ana ly s i s  
of the phys ical abi l i ty required i n  social f itnes s . Accord ing 
Athletic Ski l ls 
I 
u 
The formative skil ls o f  athletics 
(dribble , pass , shooting) 
j � 
1, 
Bas ic athletic ability 
( run , j ump ,  throw , catch , carry) 
j I 
� , 
Bas ic ath letic components 
(muscular strength , flexib i l i ty , 
agi lity , endurance ) 
·" 
r 
Structure and funct ion of the body 
(sen ses , internal organs , nerve s 
phys ique , type o f  body ) 
F igure 2-1 
Diagram of Lar son and Yocom ' s  
Structure o f  Phys ical Fitne s s  (19 5 1 }  
7 
8 
F igure 2 - 2 
T. K. Cureton's Structure of Bodily Strength 






( 5 )  Kicking 
(6) Pushing 
(7) Pulling 
(8 ) Sudden shift of direction 
( 9) Coordination of eyes and hands with object 
9 
( 1 0 ) Strength of abdominal muscle and strength of back 
muscles 
( 1 1 )  Equilibrium 
( 1 2 )  Ability to get over obstacles quickly 
( 1 3 ) Ability to carry quickly 
(14 )  Ability to control the body quickly while in the 
air or in motion 
( 1 5 ) Ability to control the body when hanging with the 
arms and trying to move, or when jumping up and 
touching a position with the hands. 
F. w. Cozens' Basic Athletic Ability 
Cozens ( 5 : 45- 5 2 ) synthesized the findings of many 
authors and listed the following seven items as the basic 
athletic ability of various kinds of sport and contest. 
10 
(1) The musc ular strength of arm and shoulder (pull-up, 
push-up on parallel bar}. 
(2) Coordination of the arm and shoulder (various kinds 
of throwing ). 
(3} Coordination of hand and eye, foot and eye, and of 
arm and ey e (passing ball or kic king ba11r. 
(4} Leaping , musc ular strength of foot and flexibility 
(standing long jump) • 
(51 Enduranc e (long distanc e run, etc .). 
(6 ) Bodily adjustment, ag ility, and c ontrol (zig -zag 
run} • 
(7} Feet speed. 
The Applic ation of Fac tor Analysis 
As early as 1 9 3 4 , Americ an scholars in the field of 
physical education began to use the fac tor analysis. This is 
a statistical tec hnique usually utilized in the analysis of 
intelligence and personality but has also been used to 
analyze physic al fitness. By 1950, there were approximately 
thirty similar researc h reports (37:147-149). In this 
technique , the first step is to determine the scope of 
physical fitness and then to analyze the independent factors 
involved. Because investigators took different views as to 
the scope of physical fitness, their finding s were somewhat 
different. Certain researchers have c ompleted sig nific ant 
studies and identified specific c omponents as follows: 
( l} c. H .  Mccloy: 
a. muscular strength 
b .  speed 
c. coordination of large muscles 
(2) L. M .  Jones: 
a. coordination of large muscles 
b .  size of body 
(3 ) E. Mccloy: 
a. muscular strength 
b .  speed 
c. weig ht 
(4 } A. J. Wendler: 
a. muscular streng th 
b .  speed 
c. ability to learn sports 
d. feelings - athletic coordination 
( 5 ) L. M. Roulhac: 
a. speed 
b .  coordination 
c. endurance 
d. weig ht 
(6 } L. A. Larson; 
a. dynamic muscle 
b. muscular strength measured by dynarnometer 
c. coordination of large muscles 
d. strength of abdominal muscle 
11 
12 
(7 ) T. K. Cureton: 
a. equilibrium 
b. flexibility 




Factor analytic studies in the United States have 
provided six independent factors with a frequency of five 
occurrences or more. These factors and frequencies are 
shown below. 
Independent Factors Frequency 
(1) Muscular strength 19 
(2) Speed 10 
(3) Dead weight 8 
(4) Coordination of larg e muscles 6 
(5 )  Ability to learn sports 6 
( 6} Dynamic muscular streng th 5 
Japanese Athletic Ability Test and Diagnostic 
Test of Bodily Strength 
In Japan, the test items most frequently used for 
measuring the basic athletic abilities are running , jumping, 
throwing, pull-ups, and the six factors that Cureton sugg ested 
(equilibrium, flexibility, muscular strength, agility , power, 
and endurance). Based on this framework, the Japanese 
Ministry of Education (37:151-154} constructed its own 
athletic test . The bas ic athletic abi lities , mentioned 
1 3  
above , were des ignated as the Athleti c  Ability Tes t , whereas 
Cureton ' s  factors were co llectively known a s  the Diagnostic 
Test o f  Bod i ly S trength . Obvious ly, the Japanese S tructure 
of Phys ical Fitne s s  has not departed materially from Cureton ' s  
domain. 
Chines e  Ministr� o f  Education ' s  
Phys ical Fitnes s Tes t  
The Department of  Physical Education , Minis try o f  
Education (2 9:3 - 5} constructed in 1 9 7 6 ,  The Physical  Fitnes s  
Test for Children and Youth in the Repub lic  of China ( 29 : 3 0 - 3 5 ) . 
This tes t  was the first of its  kind in the Repub l i c  o f  China , 
and its cons truction was s omewhat obj ective. The procedures 
used for the construction of  the test were described as 
fo llows : 
A. Twenty-four items were s elected and they were 
c l as s i fied into nine factors with each factor 
representing one funct ion. The factor and the 
included items are pre sented below: 
1. Speed - 4 0 , SO, 6 0, 8 0 , and 1 0 0 meter dashe s. 
(Items 1- 51 
2 .  F lexib i l ity - Trunk extension backward and 
trunk extension forward . (Items 6-7 ) 
3. Endurance :  (2 items for 3 levels  o f  s chool a s  
fol lows ) (Items 8 - 9 )  
Senior High S choo l 
Boy Girl 
lOOOm BO Om 
120 0m lOOOm 
Junior High School 
Boy Girl 
8 0 0m 800m 
lOOOm lOOOm 
1 4  
E lementary Schoo l 
Boy Girl 
600m 6 0 0m 
8 0 0m 8 0 0m 
4 .  Agil i ty - shuttle run , s ide-step , and zig-zag run . 
(Items 1 0 , 1 1 , 12) 
5. S trength of  upper extremity - grip s trength , 
push-up s , pul l-ups ( for girl s , flexed arm 
hang) . (Items 1 3, 14 , 1 5 )  
6 .  S trength o f  trunk : s it-up s  for 3 0  s e conds and 
s it-ups for one minute . ( Items 1 6 -17 ) 
7. Power - verti ca l  j ump ,  standing long jump , and 
triple j ump .  ( Items 18 , 19 , 2 0 )  
8. Coordination : Softba l l  throw for d i s tance and 
handbal l  throw for distance. (Items 2 1-22 ) 
9.  Accuracy - Bas ebal l throw for accuracy and 
softbal l  throw for accuracy. {Items 2 3 - 24)  
B .  The foregoing test items were admini stered to 975 
s tudents of s choo l s  in Taipe i , Taiwan , Republ i c  of  
China . 
c. For each age group, the re l iabi lity, validity , and 
intercorre lations of the tes t i tems were obtained . 
The correlat ion between j un ior high school boys 
and elementary s chool boys are shown in Tables 2-1 
and Taple 2 - 2 (29:30-35). 
D. The items s elected to be inc luded in the Chines e  
15 
Fitne ss  Test wer e  s elected in accordance w i th the 
fol lowing three criteria : (the outcomes are shown 
in Table 2 - 3) . 
1 .  Among the items under the s ame factor , the one 
with higher rel iabi l i ty was s e lected . 
2 .  Among the items under the same factor , the one 
which correlated highly with its compos ite 
s cores was selected . 
3 .  Among the items under the same factor , the one 
which corre lated low with other factors was 
s e lected . 
The factors and test items s elected have been presented 
in Table 2 - 3 . 
Conunents of the Investigation on 
the Present Stud� 
As mentioned above , thi s  phy s ical fitne s s  tes t  was 
constructed in the Republ ic of China , and its  procedure was 
obj ective . The tes t wou ld probably be more suitable for 
Chines e  school chi ldren than previous tes ts . However, an 
analys i s  of the data on each item revealed inadequacies as 
fol lows : 
1 .  The re liab i l ity scores were too low . Table 2 -1 and 
Table 2 - 2  show the 48 items and none of the relia-
b i l ity s cores were above . 9 0  whi le only one corre-
lation was in the .BO -.89 range and a l l  others 
were below .80 . The reliability s cores did not 
16 
reach the acceptable· leve l for a good tes t . 
2 .  Speed and agi l ity were not independent factor s . A 
review o f  the high er correlations revealed that the 
five speed items correlated with three items of  
agility . Thes e  items probably sh are s ome common 
factor indicat ing that speed and agility would not 
be independent . 
3 . The backward trunk extens ion and the forward trunk 
extens ion under the factor flexibility correlated 
very low ( . 1 2 - . 4 9 ) . Thes e  two i tems are not o f  
the s ame function (29 : 3 1-3 3} . Therefore both o f  
these items cannot represent f lexibility so they 
are the test items of agility and mus cular s trength 
of upper extremity . 
4 . The correlation of any two tes t  items in each age 
group var ies widely and cannot be cons idered the 
bas i s  of choos ing test items . 
As ind icated in the foregoing di scuss ion , it i s  des irab l e  
t o  recast the nine factors o f  phys ical fitnes s  as sumed by 
the tryout test and the test items covered by them. 
Sununary 
The review of  the literature cited in thi s  chapter, 
observed the structure of phys ical f itnes s  and inc luded s uch 
factors as speed, flexib i l i ty , endurance, agility , equilibrium , 
and coordination . Since the scope and method of the various 
Item !Rel I 1 
1 .46 6.13 
























Reliability and Validity of Test Items and Correlations among Various Items, 
Junior High School Boys from Chinese Ministry of Education, 1976 p. 26-28 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
84 083 018 072 030 024 022 034 047 019 032 054 027 036 043 044 057 058 056 015 015 002 012 
92 092 080 034 029 030 041 050 026 023 065 027 025 040 044 065 069 066 020 019 007 015 
6. 75 91 079 033 026 032 043 050 029 024 062 029 028 040 047 065 067 062 022 016 006 015 
6.82 G84 033 027 037 044 053 031 019 068 031 025 037 044 064 068 063 022 016 005 018 
6 . 17 32 026 030 038 050 022 056 023 022 035 043 058 068 059 019 013 009 013 
4.59 034 006 019 028 013 035 016 018 014 022 025 039 034 006 009 006 012 
4.95 021 031 009 015 033 029 013 015 030 041 034 033 021 016 014 017 
4. 34 062 019 006 028 024 011 014 019 034 022 030 020 013 004 007 
6.37 001 033 033 027 033 032 037 030 036 C24 019 012 014 
036 042 006 027 032 032 043 051 045 014 017 008 016 
4.01 009 025 015 018 016 022 031 032 025 012 001 019 005 
2.94 010 007 034 029 006 006 019 015 003 004 005 000 
7.81 024 012 021 040 061 066 054 025 030 003 016 
4.55 023 022 041 029 024 024 009 016 003 015 
4.15 080 031 020 020 017 007 001 005 004 
5.27 038 031 035 021 008 001 006 007 
6.10 043 046 032 020 006 008 009 
7.56 067 068 024 022 002 020 
7.85 065 027 015 005 021 
7.08 021 013 007 020 































Reliability and Validity of Test Items and Correlations among Various Items, 
Elementary School Boys 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Wal. 
1 .69 6.89 89 088 086 086 025 017 000 006 041 048 046 053 016 024 019 009 052 067 063 054 060 025 029 .77 
2 .70 5.47 93 091 092 027 018 001 009 039 050 049 052 019 029 025 010 052 067 067 046 060 028 029 .81 
3 .73 7.17 91 088 032 018 004 007 035 047 048 053 022 026 020 011 051 069 065 061 062 033 032 .81 
4 .80 7.81 93 032 019 003 011 038 047 047 050 019 026 022 007 056 067 066 060 062 029 031 .81 
5 .71 7.30 34 019 003 010 034 049 048 053 022 027 022 009 055 072 066 059 062 028 031 .82 
6 .53 4.93 21 023 013 002 027 017 041 002 003 006 004 035 049 038 044 039 023 018 .40 
7 .83 3.41 10 003 004 015 014 023 025 013 011 012 016 029 034 026 025 023 012 .33 
8 .27 1.68 59 042 000 012 002 006 016 022 004 000 014 000 003 003 004 014 .16 
9 .26 1.94 38 001 007 006 008 013 024 009 005 002 009 006 007 006 013 .24 
10 .58 5.97 29 040 036 022 046 051 025 032 025 039 025 023 015 020 .57 
11 .70 6.31 50 044 008 024 023 004 040 053 051 046 054 025 029 .61 
12 .69 3.77 40 017 033 029 024 046 046 047 046 049 034 028 .65 
13 .80 7.91 06 021 014 018 043 061 060 066 062 032 034 .69 
14 .61 3.16 33 039 026 002 011 019 014 012 003 012 .33 
15 .66 4.91 90 032 022 024 037 023 019 018 016 .51 
16 .73 4.56 32 018 Cl8 031 016 014 015 016 .48 
17 .75 2.96 20 020 026 022 016 014 009 .33 
18 .67 6.77 64 016 060 061 042 026 .69 
19 .85 8.25 78 064 067 036 029 .80 
20 .83 8.58 70 070 048 035 .84 
21 .79 8.21 83 052 042 .77 
22 .52 8.27 .77 
23 .43 .50 
24 .42 .48 
t--' 
00 
1 9  
Table 2-3 
Chinese Education Ministry Phys ical Fitne s s  Tes t  
The Selec ted 
Number F actor Test Item For Age Group 
I Speed S Om Sprint Boys & girls of 
any age group 
II Flexib i l ity Trunk extens ion Boys & g ir l s  of 
forward any age group 
III Endurance 6 0 0m run Boys & girl s  of 
elementary s chool 
8 0 0m run Gir ls  o f  j unior 
high s choo l & above 
l O O Om run Boys of j un ior high 
school & above 
IV S trength of Grip Boy s & gir l s  of 
upper any age group 
extremi ty 
Pul l -up s Boys of e l ementary 
school & above 
Flexed arm Girls o f  e l ementary 
hang schoo l  & above 
v Strength of S it-ups for Boys & girls of 
trunk 1 minute j unior high s chool 
and above 
S it-up s  for Boys & gir l s  of  
3 0  s econd s elementary school 
20 
T abl e 2-3 (continued) 
Chinese Educ ation Minis try Phys ical Fitness Test 
The Sel ected 
Number Factor Tes t Item For Age Group 
VI Agility Shuttle run, Boys & gir l s  of 
s ide-step any age group 
VII Power Standing long Boys & gir l s  of 
j ump any age group 
VI I I  Coordination Softbal l  throw Boys & gir l s  of 
for d i stance any age group 
2 1  
investigators di ffered and the ir outcomes varied , there was 
no real con s ensus . 
CHAPTER III 
METHODS 
The s tudy was an analys i s  o f  physical fitness  components 
for the purpose of selecting i tems for a p hys ical f itness 
test suitable for the Chinese people . The fo llowing 
describes the procedures used for the analys i s . 
Subjects 
The subjects for this s tudy were the seventh grade 
students fro m  Jui-Fong Junior High Schoo l and Kuang-Hua 
Junior High Schoo l in  Kaohs iung, Taiwan . One hundred 
student s,  5 0  from each school,  were originally selected for 
the s tudy and 8 0  of the students completed all the test 
items . 
The subjects were between the ages of 12 and 13 . Thi s 
age group was selected because the reliabil ity and validity 
scores on the Chinese Education Mini stry tryout tes t  was 
more favorable for this age and les s  favorable for older 
ages (see Table 3-1 and Table 3-2} . 
Sex 
Mal e  students were selected for the s tudy because they 
22 
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Table 3-1 
Reliabi lity s core for Each Subte st for Each Group on the 
Chine s e  Education Ministry's Phys ical Fitne s s  Tes t . 
Senior Senior Junior Junior Elementary Elementary 
Factor Group S chool S chool School School School S choo l 
Item Boys Girls  Boys Gir l s  Boys Gir l s  
1 0 1 2  0 33 0 4 6  0 43 0 6 9  0 5 4  
2 0 2 1  0 4 1  0 6 8  0 3 6  0 7 0  0 6 7  
3 I 0 2 9  0 4 3  0 5 6  0 37 0 7 3  073 
4 0 09 0 4 1  076 0 5 4  0 8 0  077 
5 0 34 0 4 8  0 6 5  0 34 0 7 1  0 8 6  
6 0 7 5 0 5 8  0 6 5  0 8 1  0 5 3  07 8 
7 II 098 0 6 4 0 67 0 7 0  0 8 3  0 8 2  
8 0 17 0 5 2  0 4 2  0 4 4  0 2 7  074 
9 III 0 1 5  0 4 3  0 5 6  0 4 4  0 2 6  0 6 1  
10 0 35 0 4 8  0 5 0  0 7 0  0 5 8  0 3 4  
11 IV 0 5 5  0 0 8  0 4 9 0 6 4  0 7 0  0 6 9  
12  0 5 5  026 0 51 0 5 1  0 6 9  0 5 8  
13  0 8 6  073 074 0 5 8  0 8 0  0 8 3  
1 4  v 0 7 2  0 39 0 5 6  0 4 3  0 6 1  0 5 5  
15 0 3 2  0 4 5  0 5 9  0 4 8  0 6 6  0 6 0  
16 VI 0 27 0 5 7  0 6 6  0 6 8  073 0 6 8  17 0 8 2  0 5 8  0 67 0 5 0  07 5 0 7 7  
1 8  0 60 051 0 6 2  0 5 3  0 67 0 7 4  
1 9  VII 0 5 5  0 5 9  0 51 0 6 6  0 8 5  0 8 2  
2 0  0 5 6  0 5 0  0 5 8  0 47 - 0 8 3  0 6 1  
2 1 0 8 9  0 17 0 11  0 77 0 7 9 0 8 2  
2 2  VIII 0 7 2  077 0 2 8  076 0 5 2  0 4 7  
2 3  I X  0 4 9  0 2 9  -0 0 1  - 0 0 6  0 4 3  0 36 24 019 0 3 0  0 2 3  017 0 4 2  0 3 6  
2 4  
Tabl e 3 - 2  
Val idity o f  Eac h  Subte s t  o f  Each Group on the C hinese Education 
Ministry' s  Physical Fitne s s  Tes t . 
Senior Senior Junior Junior Elementary Elementary 
Item School School S choo l  School Schoo l S chool 
Factor Group Boys Girls  Boys Girls Boys Gir l s  
l· . 6 8 . 7 7 • 7 8  . 64 . 7 7 . 8 1  
2 . 5 2 . 7 6 . 8 5  . 6 5  . 8 1 . 8 6 
I 3 . 6 4 . 7 8 . 8 5 . 7 7 . 8 1 ..o.8 0 
4 . 6 8 . 6 9 . 8 6 . 7 4 . 8 1 . 8 8 
5 . 7 8  . 8 0 . 7 8 . 5 6 . 8 2 . 8 8 
II 6 . 17 . 2 8 . 4 5 . 3 2 . 4 0 . 5 2 7 . 36 . 30 . 4 7 . 4 1 . 33 . 4 0 
I I I  8 . 39 . 3 5 . 4 4 . 5 7 . 1 6 . 51 
9 . 2 7 . 39 . 5 8 . 6 3 . 2 4 . 5 1 
1 0  . 4 3 . 6 1 . 6 2 . 4 8 . 5 7 . 3 6 
IV 1 1  . 36 . 4 0 . 42 . 5 9 . 6 1 . 7 1 
1 2  . 4 4  . 4 3 . 2 6 . 1 6 . 6 5 . 57 
1 3 . 4 2 . 4 1 . 7 2 . 4 9  . 6 9 . 6 6 
v 14 . 2 1 . 2 8 . 4 3 . 5 0 . 3 3 . 5 2 
1 5  . 2 0 . 3 2 . 4 5  . 4 8 . 51 . 4 0 
VI 
1 6  . 38 . 33 . 5 4 . 5 4 . 48 . 2 9 
17 . 4 2 . 5 2 . 6 0 . 5 3 . 33 . 4 4 
1 8  . 47 . 5 6 . 7 6  . 6 5 . 6 9 . 7 3 
VI I 1 9  . 5 2 . 5 4 • 78 . 6 2  . 8 0 • 7 5  
2 0  . 6 7 . 5 2 . 7 2 . 7 1 . 8 4 . 8 4 
VI I I  2 1  . 67 . 2 7 . 33 . 6 1  . 7 7 • 72 2 2  . 4 6 . 6 2 . 2 8 . 67 . 7 7 .34 
IX 2 3  . 1 8 . 3 2 . 17 . 34 . s o  .so 2 4  . 0 2  . 2 4 . 2 8 . 2 8 . 4 8 .so 
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had higher val idity s cores than the g ir l s  on the Chinese 
Education Mini stry ' s tryout test . Thi s  tes t  also shows the 
male s tudents phys i ca l  f itne s s  level was higher than gir l s  
(see Table 3-1 and Table 3 -2) • 
Instrument of  the S tudy 
The use o f  a test should fit the obj e ctive s  of a study . 
The ma j or obj ective o f  this s tudy was to analyz e  the ba sic 
factors o f  the structure o f  phys ical f i tne s s . Therefore , 
the test was constructed in a manner to allow for the 
synthe s i s  of phys ical fitnes s .  Cons equently , thi s  study 
summed up the test items of the Chinese Education Ministry ' s  
':rryout Test as shown . (See "Tryout Items " on p .  13 and 1 4  
for titles of factors and items . )  
After reviewing the Min istry ' s tryout test and the 
pertinent l iterature , a test of 29 items was s e lected for 
this s tudy (see Tabl e  3-3). 
The i tems used were adapted from the avai lable tests 
including the International Committee on the Standardi z ation 
o f  Phys i cal Fitne s s  Test (ICSPFT} (37:186-196) and the 
Chinese Education Min i stry ' s Phy s ical Fitnes s  Tes t .  The 
test i tems inc luded s pr inting , running , throwing , c l imbing , 
and abi l it ies such as flexib i l i ty ,  agi l i ty ,  coordination , and 
the s i z e  of body . Therefore , the outcome of  the twenty-nine 
subtests  encompas s ed physical f itnes s  as a whole . In other 
words , the subtes t s  have formal val idity , but the experi-
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
s . 
9 .  
1 0 .  
11 . 
1 2 . 
13 . 
14 . 
1 5 . 
1 6 .  
17 . 
1 8 . 
19 .  
2 0 . 
2 1 . 
2 2 . 
23 . 
2 4 . 
2 5 . 
2 6 .  
27 . 
2 S .  
29 . 
Table 3-3 
Reliab i lity Scores for the Fitne s s  Tests 
Used in Thi s  S tudy 
Tes t  Item Rel i ability 
4 0m . 9 0 
5 0m . 9 1 
6 0m . 9 0 
8 0m . 8 9 
l O Om . 9 2 
Trunk extens ion backward . 8 1 
Trunk extension forward . S2 
SO Om . s 0 
l O O O+n . 7S 
1 2 0 0m . 77 
Sh uttle Run . 74 
Side-s teps . . s o 
Zig-zag run . 8 0  
Grip s trength . S6 
Pus h -up . 72 
Pull-ups . 8 4 
Sit-ups for 3 0  seconds . 7S 
Sit-ups for one minute . s o 
Vertical j ump . S4 
Standing long jump . 8 4 
Triple j ump . 87 
So ftbal l throwing for dis tanc e  . S9 
Handball  throwing fo r distance . S2 
Shot-put . 8 5 
Baseba ll  throwi ng for accuracy . 5 2 
So ftba l l  th rowing for accuracy . 56 
Heigh t . 9 8 
Weight . 94 




Reliabil ity of the Japanes e Athletic Abi lity Tes t  
Tes t  Item 
1 .  Endurance of Mus cular S trength & Mus cle  
*(l} Pull-ups 
(2) Flex and s tretch arms on parallel bar 
*(3) Sit-ups 
(4 ) Li ft legs 
(5)  Push-ups 
2. Endurance of Re spiratory Function 
*(l) Run beyond 150 yards 
(2) Standing run 
(3) Squat j ump 
( 4 )  Endurance index 
3. Power 
*(l) Vertical j ump 
*(2) Stand ing long 'j ump 
(3) Long j ump 
*(4 )  Triple j ump 
*(S) Shuttle run 
4 .  F lexib i lity 
* ( l) Trunk extens ion forward 
*(2) Trunk extens ion backward 
(3 ) Straight-knee floor touches 
S. Speed 
* ( l )  5 0  yd . run 
*(2) 6 0  yd . run 
*(3) 75 yd . run 
*(4) 1 0 0  yd . run 
6 .  Agi l i ty 
(1 ) Brupee tes t  
(2 ) Agi lity run 
7. Coordination 
*(l) Zig- z ag run 
(2 ) Shi ft direction tes t  
(3) Bar snap 


























Table 3-4 {continued ) 
Tes t  Items Rel iabi l ity 
8 .  Equi l ibrium 
(1) Walk on the balance p latform low 
(2 ) Tes t  o f  balance in motion low 
(3) _Standing with eyes open and c losed low 
(various postures} 
9.  Accuracy 
*(l }  Basebal l throwing for accuracy low 
(2 } Footbal l throwing for accuracy low 
(3 ) Basketbal l  throwing for accuracy low 
\ 
2 9 
mental val idity wi l l  be left for further s tudy because of  no 
adequate norm to serve as a val idation criteria . 
The re liability s cores of  the 2 9  tes t  i tems were obtained 
by means o f  the test-retest method a s  shown in Table 3- 3 .  
These test items were higher than those of the Education 
Ministry ' s  test ( see Table 3-1). Among the twen ty-nine sub­
test items , only the re liab i l ity scores of  basebal l  throwing 
for accur acy and so ftball throwing for accuracy were 
cons idered too low . For the purpos e  o f  mak ing comparison, 
the inve stigator o f  the present study summed up the re lia­
bil ity scores o f  the Japanes e  Body Strength Test a s  shown in 
Table 3-4. In the t able , items symbo l i z ed by "*" i ndicated 
those items most related to the tes t  items used in this study . 
As compared with Table 3-1 and Table 3-3, the re l i a­
bi l ity o f  the Japanese Body Strength Test was higher 
(37 : 1 9 6- 1 97 ) . Additional research on behal f  of the Chines e  
research worker was cons idered warranted so as  t o  invest igate 
why the rel iabi l ity of their test items was not high enough . 
Tes ting Procedure 
Collection of Data 
The test s  for this s tudy were admini s tered to the 
seventh grade male s tudents of Jui-Fong and Kuang-Hua 
Jun ior High Schoo l s  in Kaohs iung City ,  Taiwan . In order to 
en sure rel i able test results , a test manual was prepared . 
Prior to conducting the te st , a workshop was conducted for 
3 0  
those high s chool teachers who administered the tes ting 
program . The particul ar s ite for testing , each item , the 
instruments to be used , and the methods of tes ting , were 
speci f ied in the manual , explained and d i s cus s ed in deta i l  to 
assure that standard procedure s  were fo l lowed . The tes ting 
program was superv i s ed by the investigator of this s tudy. 
Proces s ing o f  data 
S ince there were 2 9 var iables in this s tudy and the factor 
analy s i s  was employed , the data was proces s ed and analyz ed by 
IBM computer at the Computer Center of Tamkang Univers i ty , 
Taipei , Taiwan . The process  was completed as  fo l lows : 
(1 ) A correl at ion matrix was formed showing the 
relationsh ip of the 2 9  sub-tests . 
(2) The corre lation matrix was used for princ ipal 
component analys i s , resulting in the factor 
variance of the 29 var iables or eigenvalue , 
and the number of factors were decided with 
B i -factor so lution . 
( 3 ) After dec iding the number of factors , the Minimum 
Res idual Factor Analys i s  ( 14: 5 6 3 - 571 ) was employed 
to get the fac tor matrix . 
(4) From the rotated factor matrix , the common factors 
were obta ined and designated and interpreted 
adequately . 
CHAPTER IV 
ANALYSI S  AND DISCUSSION OF DATA 
The purpose of this study was to investigate the factors 
of physical fitness of Chines e  j un ior high s chool boys in 
The Repub l ic of China . Twenty-nine subtes t s  were adminis­
tered to 80 s tudents .  Intercorrelations were computed and 
a factor analysis was applied to identify the maj or factor s . 
S tati s tical Treatment 
The first step o f  the factor analys i s  was to obtain 
the corre l ation coeffic ient symmetrical matrix , as s hown in 
Table 4 - 1 . The values in the matrix were the product­
moment correlation coefficient of  two re lated subtests . 
The data in Table 4-1 indicated that some vari ab les 
had quite high coefficients ; for example , r1• 2 = 0 . 7 6 9 6 , 
r3 . 4 = 0 . 8 1 4 , r 3 . s = 0 . 921 ,  r9 . 1 0  = 0 . 9 3 6 6 . Thes e  highly 
corre lated var iables  may be determined by a few common 
factors , and therefore , common factors c an be extracted 
from the twenty-nine subtests . 
The second step o f  the factor ana ly s i s  was to determine 
the adequate number of cormnon factors from the coefficient 
matrix . Tab le 4-1 was used for the principal component 
analys i s  and for the factor variance of the twenty-nine 
3 1  
• 
subtests or " eigenvalues" and the percentage o f  the total 
variance as shown in Table 4-2. 
3 2  
The princ ipal concern was to group the clos e ly related 
variables in a l arge set vari ab l es into a sma l l  number o f  
factor s , which described the var i ance of the original s e t  o f  
variabl e s . Thi s was to attain economy of description . Thus , 
the bas i c  princ iple in factor analys i s  is the les s  factor s 
extracted the better; and the l arger the var i ance o f  the 
variables  conveyed by the extracted factor , the better. 
( 4 0:8 47-8 49}. 
Us ing this princ iple , the s tudy employed the method of 
determin ing the number of factors developed by H .  F .  Kai ser 
( 17;1 87-200 ) • Kai ser's theory emp loyed the fol lowing 
rationale: s ince the s cores of each variable are standard­
ized , its var;.ance i s  1 . 0; and a fter the principal factor 
analys i s  is emp loyed , the vari ance of the variables which 
the extracted factors account for should not be les s than 
1 . 0; otherwise , the extracted factors are not so e ffective 
as a s ingle variable in accounting for the variance . 
Cons idering thi s princ iple , Pg -P 2 9  in Table 4 - 2  c an be 
taken as error , and so they s hould be discarded . The 
remaining eight factors sti l l  accounted for the l arge part 
of var iances of the vari ables in the original correlation 
matrix (about 7 5% ) . 
Among the foregoing eight extracted factors , the las t  
one (P a ) , whos e  variance was c lose t o  1 and whos e  e ffect of  
accounting for the variance o f  variables was s imi lar to a 
single variable , and did not contribute much . Moreover, 
33 
when R.  B .  C attel l ' s  " s cree ' test "  was emp loyed to determine 
the number of f actors (as shown in F igure 4 - 1 )  , it was 
observed that the curve between P 7 and P a was dec l in ing 
great ly . Therefore, i t  seemed proper to d i s c ard a l l  factors 
after P 8 • 
In order to get a more s atis factory outcome, the eight 
factors were compared with the s even factors and found that, 
after rotation , the loadings of all  the subte sts on P s were 
either negative or near z ero (See Table 4 - 5 )  • The s e  s cores 
did not meet the requirement o f  rotation and created 
cons iderable di fficulty in interpretation . Thu s , the 
investigation determined that s even factors should be 
exc luded . In thi s manner , they s ti l l  accounted for 7 1 . 3% 
of the total variance and attain the economy of description, 
which the factor analy s i s  was aimed at . 
After determin ing the number of factors , Harman ' s  
Minres (Minimum Res idual Factor Analys i s ) was employed to 
extract the common factor s . The advantage of this method 
was that through the proces s of iteration a set of  
communal ity was found and placed in the princ ipa l  d i agonal 
of the original correlation matrix (S ee Table 4 - 1 )  as the 
outcome of factor ana lys i s . Not only were the number of 
factors less  than that o f  variab l e s, but al so the e s timated 
corre lations were c lo s e  to the or iginal ones . 
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s . o  
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7 . 0 
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� 5 . 5  () 
i:: 
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0 . 5  
0 
'-
"P . 1 
Fi gu re 4 - 1  
D e t e rmin i n g  the Nurr�er o f  Factors i n  T ab l e  4 - 2  
(F actor Matrix  by Scree Te s t )  
Fac tor s th at s hould b e  d i s carded 
p 2 P 3  P 4  P S  p 6 P 7  p8 P 9  p l O  p l l  p l 2  p l 3  p l 4  p l 5  p l 6  p l 7  p l 8  p l 9  Pzo p 2 1  p22 p2 3 �z 4 • · · P 2 9 
w 
� 
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Tab le 4 - 3  i l lustrate s the extracted common factor 
matrix , obtained through the foregoing method . In the 
matrix , the co lumns des ignated with P1 , P 2 , • • •  P7 , 
repres ent seven d imens ions . The values in the matrix were 
factor- loadings , which represen t  the relationship between 
the variable and one factor dimens ion . For example , 
variable 3 had a loading of . 8 4 6  in Factor P 1 , which meant 
that the variance of variab l e  3 has contributed to the large 
part of the variance of P1 • In the s ame manner a l l  values 
in the matrix were interpreted . 
At the bottom o f  the matrix , in the f irs t row the 
values were factor variances or eigenvalue s , whi ch were the 
sum of the s equence of factor loadings in each column . 
These values repres ented the vari ance of  the vari ables in 
the original correl ation matrix accounted by the factor . 
In the Tab le 4 - 2  the total var iance was compri sed of  2 9  
unit� , whi le Factor P--1. accounted for 9 . 2 8 un its o f  them , 
and P 2 accounted for 3 . 5 3 units . The remaining unit s  may 
be inferred in the s ame manner . 
In the l ast row o f  the matr ix ,  the values were the 
percentage of the var iance accounted for by the factor and 
the total variance , and each of them were obtained when the 
factor variance was divided by the total varianc e . 
At the right-hand s ide of the matrix ,  the last column 
is entit led "var iable var iance " or " communality '' 
des ignated as " h2 " representing the portion o f  the variance 
Tab l e  4 - 1  
The I n tercorre l a t ion o f  Coe f f i c i e n t s  o f  the 2 9  S ubte s t s  
1 2 3 4 5 6 7 8 9 1 0  
1 1 .  0 0 0 0  0 . 7 6 9 6  0 . 7 0 1 1  0 . 7 0 9 2  0 . 7 4 8 0  - 0 . 1 9 7 2  - 0 . 0 5 3 6  0 . 0 4 0 0 9  0 . 3 7 3 0  0 . 3 8 7 7  
2 0 . 7 6 9 6  1 . 0 0 0 0  0 . 7 8 1 7  0 . 6 9 4 4  0 . 7 4 3 5  - 0 . 0 6 9 2  - 0 . 0 5 1 3  0 . 4 6 3 5  0 . 4 5 3 3  0 . 4 8 6 9  
3 0 . 7 0 1 1  0 . 7 8 1 7  1 .  0 0 0 0  0 . 8 1 8 4  0 . 9 0 2 1  - 0 . 0 8 0 6  - 0 . 0 2 9 3  0 . 4 7 9 2  0 . 4 3 8 3  0 . 4 4 6 3  
4 0 . 7 0 9 2  0 . 6 9 4 4  0 . 8 1 8 4  1 .  0 0 0 0  0 . 7 8 0 6  - 0 . 2 0 5 4  - 0 . 0 4 9 9  0 . 4 9 6 8  0 . 4 5 5 6  0 . 4 4 6 2  
5 0 . 7 4 8 0  0 . 7 4 3 5  0 . 9 0 2 1  0 . 7 8 0 6 1 . 0 0 0 0  - 0 . 0 9 1 6  - 0 . 0 2 0 8  0 . 3 9 8 4  0 . 3 9 0 8  0 . 4 0 5 4 
6 - 0 . 1 9 7 2  - 0 . 0 6 9 2  - 0 . 0 8 0 6  - 0 . 2 0 5 4  - 0 . 0 9 1 6 1 . 0 0 0 0  - 0 . 0 2 6 6  0 . 0 3 2 1  - 0 . 0 0 4 9 - 0 . 0 8 0 3  
7 - 0 . 0 5 3 6  - 0 . 0 5 1 3 - 0 . 0 2 9 3  - 0 . 0 4 9 9  - 0 . 0 2 0 8  - 0 . 0 2 6 6  1 .  0 0 0 0  - 0 . 0 0 2 1  0 . 0 0 5 0  0 . 0 2 0 9  
8 0 . 4 0 0 9  0 . 4 6 3 5  0 . 4 7 9 2  0 . 4 9 6 8  0 . 3 9 8 4  0 . 0 3 2 1  - 0 . 0 0 2 1  1 . 0 0 0 0  0 . 7 9 7 8  0 . 7 3 5 8  
9 0 . 3 7 3 0  0 . 4 5 3 3  0 . 4 3 8 3  0 . 4 5 5 6  0 . 3 9 0 8  - 0 . 0 0 4 9  0 . 0 0 5 0  0 . 7 9 7 8  1 . 0 0 0 0  0 . 9 3 6 6  
1 0  0 . 3 8 7 7  0 . 4 8 6 9  0 . 4 4 6 3  0 . 4 4 6 2  0 . 4 0 5 4  - 0 . 0 8 0 3  0 . 0 2 0 9  0 . 7 3 5 8  0 . 9 3 6 6  1 .  0 0 0 0  
1 1  0 . 5 7 9 2  0 . 5 4 1 6  0 . 5 6 0 6  0 . 5 0 9 2  0 . 5 9 2 2  - 0 . 1 2 5 5  0 . 0 5 6 9  0 . 2 4 5 0  0 . 3 2 6 7  0 . 3 2 3 8  
1 2  - 0 . 0 4 6 3  0 . 0 7 7 1  0 . 0 3 6 3  0 . 0 6 4 8  0 . 0 7 5 6  0 . 2 1 8 8  0 . 0 4 2 4  - 0 . 0 0 4 5  - 0 . 0 4 8 3  0 . 0 1 9 6  
1 3  0 . 1 2 7 4  _ 0 . 2 9 7 0  0 . 3 3 0 8  0 . 1 8 2 0  0 . 3 3 2 3  0 . 0 9 5 7  0 . 1 5 7 0  0 . 2 2 7 5  0 . 2 9 6 8  0 . 2 8 2 2  
1 t; 0 . 3 4 2 8  0 . 4 0 9 4  0 . 3 8 5 6  0 . 3 9 6 6  0 . 4 2 9 5  o . 0 4 0 5  0 . 2 0 2 5  0 . 1 8 6 3 0 . 1 2 2 9  0 . 1 2 6 5  











1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 1  1 2  
0 . 5 7 9 2  - 0 . 0 4 6 3  
0 . 5 4 1 6  0 . 0 7 7 1  
0 . 5 6 0 6 0 . 0 3 6 3  
0 . 5 0 9 2  0 . 0 6 4 8  
0 . 5 9 2 2  0 . 0 7 5 6  
- 0 . 1 2 5 5  0 . 2 1 8 8  
0 . 0 5 6 9  0 . 0 4 2 4  
0 . 2 4 5 0  - 0 . 0 0 4 5  
0 . 3 2 6 7  - 0 . 0 4 8 3  
0 . 3 6 3 8  0 . 0 1 9 6  
1 . 0 0 0 0  0 . 0 2 0 1  
0 . 0 2 0 1  1 . 0 0 0 0  
0 . 3 4 6 2  0 . 1 7 6 9  
0 . 2 5 9 1  0 . 1 9 2 4  
0 . 4 3 6 1 0 . 0 8 1 5  
Tab l e  4 - 1  ( c o n t . )  
The I n te r c o r r e l a t i on o f  Coe f f i c i e n t s  o f  the 2 9  S ubte s t s  
1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  
0 . 1 2 7 4  0 . 3 4 2 8  0 . 3 8 3 5  0 . 4 5 3 4  0 . 3 4 4 7  0 . 2 9 3 1  0 . 4 1 3 3  0 . 4 8 5 5  
0 . 2 9 7 0  0 . 4 0 9 4  0 . 3 1 3 7  0 . 3 5 7 6  0 . 3 4 5 6  0 . 2 9 6 5  0 . 5 2 6 0  0 . 4 9 8 7  
0 . 3 3 0 8  0 . 3 8 5 6  0 . 3 5 3 9  0 . 4 8 2 3  0 . 4 8 5 6  0 . 5 2 7 5  0 . 5 4 6 7  0 . 4 7 3 8  
0 . 1 8 2 0  0 . 3 9 6 6  0 . 3 5 0 9  0 . 5 2 2 9  0 . 3 5 8 7  0 . 3 5 1 0  0 . 5 2 6 4  0 . 4 7 9 1  
0 . 3 3 2 3 0 . 4 2 9 5  0 . 3 2 9 4  0 . 4 6 5 2  0 . 4 0 7 3  0 . 4 5 6 4  0 . 5 6 5 3  0 . 5 3 8 9  
0 . 0 9 5 7  0 . 0 4 0 5  - 0 . 2 3 4 3 - 0 . 1 7 1 5  - 0 . 0 5 7 4  - 0 . 0 4 7 9  0 . 0 7 5 8  - 0 . 0 2 2 2  
0 . 1 5 7 0  0 . 2 0 2 5  0 . 1 7 2 5  0 . 1 5 1 9  - 0 . 0 6 3 9 0 . 0 4 7 8  0 . 1 4 1 7  0 . 1 6 4 8 
0 . 2 2 7 5  0 . 1 8 6 3  0 . 2 9 4 0  0 . 3 0 8 1  0 . 2 9 3 5  0 . 2 3 1 7  0 . 1 6 5 5  0 . 1 7 2 0  
- 0 , 2 9 6 8  0 . 1 2 2 9  0 . 3 7 7 5  0 . 3 0 4 1  0 . 2 6 7 8  0 . 2 1 2 4  0 . 2 0 6 3  0 . 1 9 2 9 
0 . 2 8 2 2  0 . 1 2 6 5  0 . 4 5 3 5  0 . 3 2 2 0  0 . 1 9 7 7  0 . 1 9 0 0  0 . 2 4 3 9  0 . 2 1 1 3  
0 . 3 4 6 2  0 . 2 5 9 1  0 . 4 3 6 1  0 . 4 3 8 6  0 . 2 5 7 8  0 . 2 0 8 0  0 . 3 8 7 0  0 . 4 8 0 3  
0 . 1 7 6 9  0 . 1 9 2 4  0 . 0 8 1 5  0 . 1 2 1 4  - 0 . 0 5 5 5  0 . 0 2 9 9  0 . 2 3 8 0  0 . 2 1 3 3  
1 . 0 0 0 0  0 . 2 5 7 3  0 . 1 4 2 3  0 . 0 6 6 8  0 . 1 7 9 2  0 . 2 1 8 3  0 . 2 7 5 8  0 . 1 6 8 8  
0 . 2 5 7 3  1 . 0 0 0 0  0 . 2 2 9 3  0 . 2 6 0 3  0 . 1 7 6 3  0 . 1 6 5 1  0 . 4 3 4 1  0 . 3 9 4 7  
0 . 1 4 2 3  0 . 2 2 9 3  1 . 0 0 0 0  0 . 5 3 8 1  0 . 3 6 1 3  0 . 3 2 7 7  0 . 2 5 0 8  0 . 2 9 3 0  w ..... 
\ 
2 1  2 2  
1 0 . 1 5 8 8  0 . 1 9 9 3  
2 0 . 2 9 9 7  0 . 3 1 5 8  
3 0 . 1 0 7 1  0 . 1 9 4 8 
4 0 . 1 1 8 6  0 . 1 2 8 4  
5 0 . 0 9 9 2  0 . 1 5 1 2  
6 0 . 1 9 5 5  0 . 1 1 3 5  
7 0 . 0 4 6 8  0 . 2 2 8 5  
8 0 . 2 0 0 9  0 . 0 8 0 8  
9 0 . 1 6 1 8 0 . 1 5 0 9  
1 0  0 . 1 7 3 5  0 . 2 0 1 8  
1 1 0 . 1 6 9 1  0 . 2 9 9 9  
1 2  0 . 1 0 6 2  - 0 . 0 8 0 0  
1 3  0 . 1 6 9 5  0 . 2 9 9 9  
1 4  - 0 . 0 5 4 9  0 . 2 2 4 5  
1 5  . 0 9 4 4  0 . 2 0 1 0  
Tab l e  4 - 1  ( co n t . )  
The I n te r c o r r e l a t io n  o f  Coe f f i c i e n t s  o f  t he 2 9  Subte s t s 
2 3  2 4  2 5  2 6  2 7  2 8  
0 . 4 4 1 6  0 . 1 3 4 8  0 . 0 8 5 0  0 . 4 2 5 5  0 . 2 8 5 0  0 . 1 5 7 6  
0 . 4 8 4 6  0 . 2 3 8 0  0 . 1 6 0 3  0 . 4 6 1 1 0 . 3 9 9 7  0 . 1 7 9 7  
0 . 5 1 6 5  0 . 2 2 8 3  0 . 1 3 3 4 0 . 5 2 9 6  0 . 3 1 4 7  0 . 1 7 3 7  
0 . 4 5 1 7  0 . 1 5 4 8  0 . 0 8 3 3  0 . 4 5 5 0  0 . 3 4 2 3  0 . 1 4 9 2  
0 . 4 7 9 1  0 . 2 0 2 5  0 . 1 4 3 7  0 . 5 2 0 8  0 . 2 9 9 3  0 . 1 7 0 2  
0 . 0 1 1 6  - 0 . 0 0 8 2  - 0 . 0 5 6 0  0 . 0 3 8 1  0 . 0 2 6 8  0 . 0 2 2 3 
- 0 . 0 4 5 4  0 . 1 5 4 4 0 . 0 2 3 6  0 . 2 3 6 9  0 . 0 1 7 3 0 . 1 1 2 7  
0 . 2 9 1 1  0 . 1 7 5 3  0 . 0 2 3 4  0 . 2 3 1 6 0 . 1 0 0 8  - 0 . 0 2 5 2  
0 . 2 7 0 5  0 . 1 9 0 6  0 . 0 4 4 3  0 . 1 9 6 4  0 . 0 6 3 7  - 0 . 0 5 4 8  
0 . 3 0 6 8  0 . 1 9 1 3  0 . 0 5 2 1  0 . 1 9 5 8  0 . 0 6 4 2  - 0 . 0 5 7 7  
0 . 3 9 8 9  0 . 1 8 1 6  0 . 1 2 4 5  0 . 3 4 2 2  0 . 1 8 8 4  0 . 1 6 0 2  
0 . 0 9 4 6  - 0 . 0 7 1 9  0 . 0 0 3 4  0 . 1 4 5 6  0 . 1 4 8 9  0 . 0 2 9 5  
0 . 3 0 2 8  0 . 2 5 3 1  0 . 1 3 5 5  0 . 3 0 9 0  0 . 2 1 9 8  0 . 1 4 9 4  
0 . 5 4 9 2  0 . 2 7 7 4  0 . 2 4 1 4 0 . 8 2 5 0  0 . 8 0 4 3  0 . 7 4 0 3  
0 . 3 2 0 7  0 . 1 2 1 4  0 . 2 2 6 8  0 . 3 1 4 0  0 . 1 5 5 1  0 . 0 9 8 4  
... 
' 
2 9  
0 . 1 7 2 3  
0 . 2 4 3 6 
0 . 2 1 4 0  
0 . 1 9 5 2  
o . 1 7 2 3 
0 . 0 6 3 5  
0 . 3 0 2 5  
0 . 0 4 0 5  
0 . 0 0 3 8  
0 . 0 1 0 7  
0 . 2 1 8 0 
0 . 0 9 5 7  
0 . 1 3 8 4  
0 . 7 2 9 2  
w 
0 . 1 8 4 0 00 
1 2 
1 6  0 . 4 5 3 4  0 . 3 5 7 6  
1 7  0 . 3 5 4 7  0 . 3 4 5 6  
1 8  0 . 2 9 3 1  0 . 2 9 6 5  
1 9  0 . 4 1 3 3  0 . 5 2 6 0  
2 0  0 . 4 8 5 5  0 . 4 9 8 7  
2 1  0 . 1 5 8 8  0 . 2 9 9 7  
2 2  0 . 1 9 9 3  0 . 3 1 5 8  
2 3  0 . 4 4 1 6  0 . 4 8 4 6  
2 4  0 . 1 3 4 8 o . 2 4 8 0  
2 5  0 . 0 8 5 0  0 . 1 6 0 3  
2 6  0 . 4 2 5 5  0 . 4 6 1 1  
2 7  0 . 2 8 5 0  0 . 3 9 9 7  
2 8  0 . 1 5 7 6  0 . 1 9 7 9  
2 9  0 . 1 7 2 3 0 . 2 4 3 6  
I 
Ta b l e  4 - 1  ( co n t . )  
The I n te r c o r re l a t i o n  o f  Coe f f i c i e n t s  o f  the 2 9  S ubte s t s  
3 4 5 6 7 8 
0 . 4 8 2 3  0 . 5 2 2 9  0 . 4 6 5 2  - 0 . 1 7 1 5  0 . 1 5 1 9  0 . 3 0 8 1  
0 . 4 8 5 6  0 . 3 5 8 7  0 . 4 0 7 3  - 0 . 0 5 7 4  - 0 . 0 6 3 9  0 . 2 9 3 5  
0 . 5 2 7 5  0 . 3 5 1 0  0 . 4 5 6 4  - 0 . 0 4 7 9  0 . 0 4 7 8  0 . 2 3 1 7  
0 . 5 4 6 7  0 . 5 2 6 4  0 . 5 6 5 3  0 . 0 7 5 8  0 . 1 4 1 7 0 . 1 6 5 5  
0 . 4 7 3 8  0 . 4 7 9 1  0 . 5 3 8 9  - 0 . 0 2 2 2  0 . 1 6 4 8  0 . 1 7 2 0  
0 . 1 0 7 1  0 . 1 1 8 6  0 . 0 9 9 2  0 . 1 9 5 5  0 . 0 4 6 8  0 . 2 0 0 9  
0 . 1 9 4 8 0 . 1 2 8 4  0 . 1 5 1 2  0 . 1 1 3 5  0 . 2 2 8 5  0 . 0 8 0 8  
0 . 5 1 6 5  0 . 4 5 1 7  0 . 4 7 9 1  0 . 0 1 1 6  - 0 . 0 4 5 4  0 . 2 9 1 1  
0 . 2 2 8 3 0 . 1 5 4 8  0 . 2 0 2 5  - 0 . 0 0 8 2  0 . 1 5 4 4  0 . 1 7 5 3  
0 . 1 3 3 4  0 . 0 8 3 3 0 . 1 4 3 7  - 0 . 0 5 6 0  0 . 0 2 3 6  0 . 0 2 3 4  
0 . 5 2 9 6  0 . 4 5 5 0  0 . 5 2 0 8  0 . 0 3 8 1  0 . 2 3 6 9  0 . 2 3 1 6  
0 . 3 1 4 7 0 . 3 4 2 3  o . 2 9 9 3  0 . 0 2 6 8  0 . 0 1 7 3  0 . 1 0 0 8  
0 . 1 7 3 7  0 . 1 4 9 2  0 . 1 7 0 2  0 . 0 2 2 3  0 . 1 1 2 7  - 0 . 0 2 5 2  
0 . 2 1 4 0 0 . 1 9 5 2  0 . 1 7 2 3  0 . 0 6 3 5  0 . 3 0 2 5  0 . 0 4 0 5  
9 1 0  
0 . 3 0 4 1  0 . 3 2 2 0  
0 . 2 6 7 8  0 . 1 9 7 7  
0 . 2 1 2 4  0 . 1 9 0 0  
0 . 2 0 6 3  0 . 2 4 3 9  
0 . 1 9 2 9  0 . 2 1 1 3  
0 . 1 6 1 8  0 . 1 7 3 5  
0 . 1 5 0 9  0 . 2 0 1 8  
0 . 2 7 0 5  0 . 3 0 6 8  
0 . 1 9 0 6  0 . 1 9 1 3  
0 . 0 4 4 3  0 . 0 5 2 1  
0 . 1 9 6 4  0 . 1 9 5 8  
0 . 0 6 3 7  0 . 0 6 4 2  
0 . 0 5 4 8 0 . 0 6 4 2 
0 . 0 0 3 8  0 . 0 1 0 7  
w 
'° 
1 1  1 2  
1 6  0 . 4 3 8 6  0 . 1 2 1 4  
1 7  0 . 2 5 7 8  - 0 . 0 5 5 5  
1 8  0 . 2 0 8 0  0 . 0 2 9 9  
1 9  0 . 3 8 7 0  o . 2 3 8 0  
2 0  0 . 4 8 0 3 0 . 2 1 3 3  
2 1  0 . 1 6 9 1  - 0 . 1 0 6 2  
2 2  0 . 2 9 '.1 9  - 0 . 0 8 0 0  
2 3  0 . 3 9 8 9  0 . 0 9 4 6  
2 4  0 . 1 8 1 6  - 0 . 0 7 1 9  
2 5  0 . 1 2 4 5  0 . 0 0 3 4  
2 6  0 . 3 4 2 2  0 . 1 4 5 6  
2 7  0 . 1 8 8 4  0 . 1 4 8 9  
2 8 0 . 1 6 0 2  0 . 0 2 9 5  
2 9  0 . 2 1 8 0  0 . 0 9 5 7  ' 
Tab l e  4 - 1  ( c ont . )  
The I nt erco r re l a t ion o f  Coe f f i c i e n t s  o f  the 2 9  Subte s ts 
1 3  1 4  1 5  1 6  1 7  1 8  
0 . 0 6 6 8  0 . 2 6 0 3  0 . 5 3 8 1  1 . 0 0 0 0  0 . 3 9 4 2  0 . 4 0 3 6  
0 . 1 7 9 2  0 . 1 7 6 3  0 . 3 6 1 3  0 . 3 9 4 2  1 .  0 0 0 0  0 . 8 5 9 1  
0 . 2 1 8 3  0 . 1 6 5 1  0 . 3 2 7 7  0 . 4 0 3 6 0 . 8 5 9 1  1 . 0 0 0 0  
0 . 2 7 5 8  0 . 4 3 4 1  0 . 2 5 0 8  0 . 3 4 4 5  0 . 3 2 8 4  0 . 3 4 5 9  
0 . 1 6 8 8  0 . 3 9 4 7  0 . 2 9 3 0  0 . 4 5 9 5  0 . 2 1 7 8  0 . 2 4 3 7  
0 . 1 6 9 5  - 0 . 0 5 4 9  0 . 0 9 4 4  0 . 1 4 3 4  0 . 1 8 0 0  0 . 0 2 1 3  
0 . 2 9 4 9  0 . 2 2 4 5  0 . 2 0 1 0  0 . 2 6 1 7  0 . 0 8 0 3  - 0 . 0 0 2 9  
0 . 3 0 2 8  0 . 5 4 9 2  0 . 3 2 0 7  0 . 2 8 6 9  0 . 3 0 8 5  0 . 2 2 7 6  
0 , 2 5 3 1 0 . 2 7 7 4  0 . 1 2 1 4  0 . 1 4 3 4 0 . 1 7 8 6  0 . 1 7 0 5  
0 . 1 3 5 5  0 . 2 4 1 4  0 . 2 2 6 8  0 . 1 0 2 5  0 . 0 6 1 7  0 . 0 6 2 0  
0 . 3 0 9 0  0 . 8 2 5 0  0 . 3 1 4 0 0 . 4 0 1 5  0 . 3 0 3 3  0 . 2 9 9 4  
0 . 2 1 9 8  0 . 8 0 4 3  0 . 1 5 5 1  0 . 0 4 7 1  0 . 1 7 5 7  0 . 0 4 8 7  
0 , 1 4 9 4  0 . 7 4 9 3  0 . 0 9 8 4  - 0 . 0 0 1 2  0 . 0 1 3 1  - 0 . 0 2 3 3  
0 . 1 3 8 4  0 . 7 2 9 2  0 . 1 8 4 0  0 . 2 3 5 0  0 . 0 9 8 7  0 . 1 2 3 4  
1 9  2 0  
0 . 3 4 4 5  0 . 4 5 9 5  
0 . 3 2 8 4  0 . 2 1 7 8  
0 . 3 4 6 9  0 . 2 4 3 7  
1 .  0 0 0 0  0 . 6 0 6 7  
0 . 6 0 6 7  1 . 0 0 0 0  
0 . 1 2 3 6  0 . 1 8 8 0  
0 . 1 7 1 7  0 . 1 6 3 1  
0 . 4 2 7 8  0 . 4 1 6 4  
0 . 2 1 7 2  0 . 1 9 3 7  
0 . 1 4 6 4  0 . 2 2 7 6  
0 . 4 7 0 3  0 . 4 7 9 1  
0 . 3 5 1 3  0 . 2 4 4 5  
0 . 2 9 6 3 0 . 2 5 7 6  
0 . 2 9 6 3  0 . 2 7 5 6  
ii::. 
0 
Tab l e  4 - 1  ( co n t . )  
The I n t e rcorre l a t ion o f  Co e f f i c i en t s  o f  the 2 9  S ub te s t s  
2 1  2 2  2 3  2 4  2 5  2 6  2 7  2 8  2 9  
1 6  0 . 1 4 3 4  0 . 2 6 1 7  0 . 2 8 6 9  0 . 1 4 3 4  0 . 1 0 2 5  0 . 4 0 1 5  0 . 0 4 7 1  - 0 . 0 0 1 2  0 . 2 3 5 0  
1 7  0 . 1 8 0 0  0 . 0 8 0 3  0 . 3 0 8 5  0 . 1 7 8 6  0 . 0 6 1 7  0 , 3 0 3 3  0 . 1 7 5 7  0 . 0 1 3 1  0 . 0 9 8 7  
1 8  0 . 0 2 1 3  - 0 . 0 0 2 9 0 . 2 2 7 6  0 . 1 7 0 5  0 . 0 6 2 0  0 . 2 2 9 4  0 , 0 4 8 7  - 0 , 0 2 3 3  0 . 1 2 3 4  
1 9  0 . 1 2 3 6  0 . 1 7 1 7  0 . 4 2 7 8  0 . 2 1 7 2  0 . 1 4 6 4  0 . 4 7 0 3  0 . 3 5 1 3  0 . 2 3 2 8  0 . 2 9 6 3  
2 0  0 . 1 8 0 0  0 . 1 6 3 1  0 . 4 1 6 4  0 . 1 9 3 7  0 . 2 2 7 6  0 , 4 7 9 1  o . 2 3 3 5  0 . 1 1 5 6  0 . 2 7 5 6  
2 1  1 . 0 0 0 0  0 . 5 9 7 6  0 . 0 0 3 5  0 . 0 3 9 2  - 0 . 0 5 7 4  - 0 , 0 0 1 8  0 . 0 5 7 2  - 0 . 0 9 2 2  - 0 . 0 0 4 1  
2 2  0 . 5 9 7 6  1 . 0 0 0 0  0 . 4 0 7 5  0 . 2 9 3 6  0 . 0 8 7 9 0 . 2 8 1 3  0 . 3 1 8 9  0 . 2 4 1 8  0 . 3 0 1 7  
2 3  0 . 0 0 3 5  0 , 4 0 7 5  1 . 0 0 0 0  0 . 3 6 7 0  0 . 2 4 4 5  0 . 5 8 9 8  0 . 5 9 9 1  0 . 3 8 1 0  0 . 4 3 2 8  
2 4  0 . 0 3 9 2  0 . 2 9 3 6  0 . 3 6 7 0  1 . 0 0 0 0  0 . 2 3 1 2  0 . 3 0 1 2  0 , 1 0 3 7  0 . 1 1 2 0  0 . 1 9 0 0  
2 5  - 0 . 0 5 7 4  0 , 0 8 7 9  0 . 2 4 4 5  0 , 2 3 1 2  1 . 0 0 0 0  0 , 2 8 7 3  0 . 2 9 3 4  0 . 2 3 5 5  0 . 2 0 5 1  
2 6  - 0 . 0 0 1 8  0 , 2 8 1 3  0 . 5 8 9 8 0 , 3 0 1 2 0 , 2 8 7 3  1 , 0 0 0 0  0 . 6 9 6 2  0 . 6 3 2 3  0 . 6 9 1 1  
2 7  0 , 0 5 7 2 0 , 3 1 8 9  0 . 5 9 9 1  0 . 1 0 3 7  0 . 2 9 3 4  0 . 6 9 6 2  1 . 0 0 0 0  0 . 7 8 5 7  0 . 6 4 6 7  
2 8  - 0 . 0 9 2 2  0 . 2 4 1 8  0 , 3 8 1 0  0 . 1 1 2 0  0 . 2 3 5 5  0 . 6 3 2 3  0 . 7 8 5 7  1 . 0 0 0 0  0 . 1 4 0 0  
2 9  - 0 . 0 0 4 1  0 . 3 0 1 7  0 . 4 3 2 8  0 . 1 9 0 0  0 . 2 0 5 1  0 . 6 9 1 1  0 . 6 4 6 7  0 . 7 4 0 0  1 . 0 0 0 0  
.i:.. 1--
p l P 2 
1 0 . 7 4 5 1 2 4  - 0 . 2 2 6 4 3 2  
2 0 . 8 0 6 9 1 6  - 0 . 1 6 5 8 1 7  
3 0 . 8 4 6 1 6 0  - 0 . 2 2 6 6 4 7  
4 0 . 7 8 7 9 2 3  - 0 . 2 3 3 7 6 3  
5 0 . 8 2 5 1 8 6  - 0 . 1 9 7 3 0 7  
6 - 0 . 0 7 4 6 4 0 9  0 . 1 6 7 4 7 2  
7 0 . 1 1 6 6 8 7  0 . 2 2 6 3 3 2  
8 0 . 5 3 3 3 0 8  - 0 . 4 3 3 8 0 4  
9 0 . 5 3 8 5 0 0  - 0 . 4 9 8 1 6 1  
1 0 0 . 5 5 4 2 1 8 - 0 . 4 8 5 6 3 8 
1 1  0 . 6 5 4 1 3 3  - 0 . 1 4 9 6 5 0  
1 2  0 . 1 1 9 3 5 9  0 . 1 6 4 7 8 1  
1 3  0 . 4 1 8 4 3 5  0 . 0 3 3 3 9 4 4  
1 4  0 . 6 5 7 7 8  0 . 6 1 9 2 2 1  
1 5 0 . 5 3 4 9 3 0  - 0 . 1 7 6 9 1 4 
Tab l e  4 - 2  
The Obt a i ned F a c to r  Ma t r i x  B a s e d  o n  Tab l e  4 - 1  
After P r i nc i pa l  Compone nt Ana l ys i s  
P 3 P 4 P 5 p 6 
- 0 . 1 8 1 0 5 5  - 0 . 1 2 2 1 1 6  - 0 . 2 1 5 9 1 9 - 0 . 2 9 0 4 1 5  
- 0 . 0 2 2 1 6 5 9  - 0 . 0 9 2 1 7 4 7  - 0 . 3 1 0 4 6 7  - 0 . 0 9 7 2 0 0 6  
- 0 . 1 9 8 8 8 6  - 0 . 0 5 1 2 5 3 7  - 0 . 1 5 5 4 2 5  0 . 0 3 2 5 8 1 3 
- 0 . 2 6 0 9 7 6  - 0 . 1 7 2 6 5 9  - 0 . 1 6 6 8 1 8  - 0 . 1 0 2 7 9 1 
P 7 P 9  
- 0 . 0 3 4 8 6 1 6 - 0 . 0 5 3 4 8 3 6  
- 0 . 0 7 2 7 3 2 4  - 0 . 0 4 4 7 8 0 2  
- 0 . 1 0 6 4 1 2 - 0 . 1 4 2 1 8 1  
0 . 0 3 4 6 3 4 0  0 . 0 7 2 0 3 8 8  
- 0 . 2 4 0 7 6 5  - 0 . 0 4 6 3 9 4 0  - 0 . - 2 8 5 5 2  - 0 . 0 0 7 1 7 1 6 3  - 0 . 0 0 8 1 2 2 5 8  - 0 . 0 9 3 4 3 8 6  
0 . 3 3 9 0 8 4  0 . 1 6 0 9 8 6  - 0 . 3 7 8 1 3 7  0 . 5 8 4 2 1 3 - 0 . 0 5 1 6 9 3 4  0 . 0 9 0 9 8 1 9 
0 . 2 2 3 7 7 1  0 . 4 0 1 2 8 2  0 . 3 6 4 8 1 6 - 0 . 0 6 2 8 9 8 4  0 . 4 2 3 4 5 8  0 . 1 1 0 0 5 1  
0 . 3 4 0 1 2 3  - 0 . 3 5 4 8 4 7  0 . 1 5 0 3 5 2  0 . 2 0 8 5 2 8  - 0 . 0 1 1 3 1 5 2  0 . 1 5 3 7 2 3  
0 . 4 2 6 5 2 6 - 0 . 3 4 8 9 6 1  0 . 2 1 8 1 7 5  0 . 1 6 2 4 6 4  0 . 0 3 9 0 1 8 0 . 0 6 4 9 7 0 5  
0 . 4 2 4 3 3 6 - 0 . 3 2 5 7 2 6  0 . 2 0 5 6 6 9  0 . 0 9 1 2 8 0 1  0 . 1 5 0 5 9 7  0 . 0 4 3 6 4 2 6  
0 . 0 0 0 1 7 7 8 6 8  0 . 1 0 8 9 9 5  - 0 . 1 2 4 7 2 0  - 0 . 2 7 2 7 1 4 0 . 1 5 3 5 7 2  - 0 . 1 2 4 6 8 2  
- 0 . 1 0 2 3 3 1  0 . 0 5 9 7 9 8 4  - 0 . 2 0 3 8 1 3 0 . 5 2 6 5 7 1  0 . 5 6 0 6 2 2  - 0 . 0 5 2 0 8 2 3  
0 . 3 3 1 0 3 3  0 . 1 3 6 1 6 1  - 0 . 0 2 7 2 8 1 0 0 . 3 2 1 3 1 2  0 . 0 0 8 8 6 6 1 3  - 0 . 3 3 8 5 6 0  � 
"' 
- 0 . 0 1 9 6 8 0 6  - 0 . 1 5 7 0 7 7  0 . 0 6 9 7 3 4 1  0 . 0 8 1 4 5 3 9  0 . 0 2 3 2 8 8 5  0 . 1 0 5 9 0 5  
- 0 . 0 0 1 9 2 4 6 5  0 . 1 2 3 6 3 8  0 . 4 4 4 4 2 2  - 0 . 1 7 4 3 0 3  0 . 2 1 9 6 4 0  0 . 1 2 0 0 0 1  
P g P 1 0  
1 - 0 . 0 4 9 3 8 4 9 0 . 0 2 2 6 7 8 4 
2 - 0 . 0 2 6 4 7 1 5  0 . 0 1 4 5 3 6 1  
3 - 0 . 1 4 2 1 8 1  - 0 . 0 3 5 5 9 0 9  
4 - 0 . 0 9 4 2 3 8 4  0 . 0 5 2 5 7 0 1  
5 - 0 . 1 5 1 1 6 1 - 0 . 0 5 1 7 3 3 2  
6 0 . 1 0 0 5 8 2  0 . 2 6 6 5 7 4  
7 - 0 . 4 6 8 0 4 1  0 . 0 2 3 6 8 1 8  
8 - 0 . 0 3 8 0 8 7 5  0 . 1 6 2 5 0 7  
9 - 0 . 0 0 3 9 0 0 6 9  0 . 0 5 4 5 1 2 2  
1 0  0 . 0 4 2 7 9 7 0  0 . 0 0 2 1 5 2 4 9  
1 1  0 . 0 0 5 8 8 9 7 4 - 0 . 2 9 5 4 6 3  
1 2  0 . 2 7 3 1 0 7  - 0 . 1 6 6 3 6 6  
1 3  - 0 . 1 6 0 8 8 3  - 0 . 5 8 2 5 8 4  
1 4  - 0 . 0 7 8 2 5 2 0  0 . 0 5 1 9 8 8 5 
1 5  0 . 3 6 7 7 0 3  - 0 . 1 7 0 4 2 1  
1 6  0 . 1 5 3 7 6 9  0 . 1 3 2 4 2 2  
Ta b l e  4 - 2  { cont . )  
The Ob ta ined F a c tor Ma t r i x  B a s e d  o n  Ta b l e  4 - 1  
A f t e r  P r i nc i p a l  Compone n t  Ana l y s i s  
P 1 1  P 1 2  P 1 3  P 1 4  
- 0 . 0 0 1 5 6 2 1 0  - 0 . 0 5 8 2 1 6 0  - 0 . 0 6 7 2 0 3 8  - 0 . 1 4 2 8 7 4  
- 0 . 0 7 8 5 0 6 5  - 0 . 1 2 0 4 3 1  - 0 . 0 7 5 2 5 9 9  - 0 . 1 3 7 8 0 0  
- 0 . 0 4 2 0 1 5 6  0 . 0 5 7 6 4 0 7  - 0 . 1 5 6 8 7 5  - 0 . 0 1 0 5 4 5 3  
0 . 0 0 5 5 2 8 3 3  - 0 . 1 0 8 1 2 0  - 0 . 1 3 0 9 8 0  - 0 . 0 1 7 7 2 4 5 
- 0 7 2 9 8 4 1  0 . 0 7 9 0 9 1 9 0 . 1 3 2 1 5 3  - 0 . 0 7 0 0 3 0 6  
- 0 . 0 3 9 9 5 5 8  0 . 4 5 8 6 4 8  - 0 . 0 4 5 1 6 9 0  - 0 . 1 6 2 3 2 4  
- 0 . 2 4 0 5 4 9  - 0 . 0 4 8 1 8 8 0  - 0 . 0 4 5 1 6 7 3  - 0 . 2 5 1 7 7 7  
- 0 . 0 6 2 6 1 3 0  - 0 . 0 2 9 9 9 9 1  - 0 . 1 0 5 7 8 0  0 . 0 8 8 4 4 6 3  
- 0 . 0 5 9 4 6 5 8 0 . 0 2 3 6 6 6 0  0 . 1 1 6 4 9 7  0 . 0 6 0 5 4 0 2  
0 . 0 0 0 5 1 9 8 5 6  - 0 . 0 3 8 9 9 1 4 0 . 1 4 0 4 7 2  - 0 . 0 1 6 6 7 2 6  
0 . 6 3 6 4 2 2  0 . 3 9 8 3 4 6  0 . 1 4 2 0 7 0  0 . 1 0 5 0 4 8 
0 . 2 2 2 7 0 1  - 0 . 2 3 6 2 4 1 - 0 . 1 9 9 5 0 7  - 0 . 0 5 1 8 9 8 4  
- 0 . 1 1 0 8 8 8  - 0 . 0 0 5 9 5 8 6 4  - 0 . 0 5 3 5 5 2 8  0 . 1 8 7 7 8 6  
0 . 0 1 1 3 9 6 7  - 0 . 4 3 7 3 0 9  - 0 . 0 3 9 8 1 0 6  0 . 0 8 0 8 0 7 6  
0 . 0 5 7 7 9 5 2  0 . 0 6 8 7 1 5 7  0 . 1 0 5 3 7 0  - 0 . 2 5 1 2 6 3  
0 . 1 9 8 6 8 0  0 . 1 9 4 8 1 5  - 0 . 2 4 8 1 0 6  0 . 2 2 6 9 4 7  
P 1 5  
- 0 . 0 1 3 8 5 2 1  
- 0 . 1 7 2 5 5 0  
- 0 . 0 9 7 5 2 5 8  
0 . 0 9 9 0 4 5 1  
- 0 . 0 5 1 9 3 2 9  
- 0 . 0 0 4 7 1 6 1 2  
0 . 0 7 3 2 0 5 4  
- 0 . 0 0 2 6 0 2 3 3  
0 . 0 1 7 5 0 5 6  
0 . 0 0 2 0 8 7 2 9  
- 0 . 1 8 1 9 2 9  
- 0 . 1 5 9 8 9  
0 . 0 8 9 5 9 4 7  
ii:.. 
- 0 . 0 7 5 3 3 5 3  w 
- 0 . 1 4 1 8 1 5  










1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
p l 6  P 1 7 
Tab l e  4 - 2  ( co nt . ) 
The Ob t a i ne d  Fac tor Ma tr i x  B a s e d  o n  Tabl e 4 - 1  
After Pr inc i p a l  Compone n t  Ana l y s i s  
p l 8  P 1 9 p 2 0  p 2 1  
omi t ted 
p 2 2  
� 
� 










1 0  
1 1  
1 2  
1 3  
1 4  
1 5 
1 6  
P 2 4  
Tab l e  4 - 2  ( co n t . )  
The Obt a ined F a c tor Ma t r i x  Ba sed on Tabl e 4 - 1  
A f t e r  P r i nc i pa l  Component Ana l y s i s  
P 2 5  p 2 6  P 2 7  p 2 8  
OI'li t ted 
Cor.unun-




















Table 4 - 2  ( con t . ) 
The Ob t a ined Factor Ma t r i x  B a s ed o n  Table 4 - 1  
A f t e r  P r i nc i p a l  Componen t  Ana l y s i s  
p l p 2 P 3 P 4 P S  p 6 P 7 P a  
1 6  0 . 5 9 4 3 0 3  - 0 . 2 1 4 5 4 7  - 0 . 1 5 1 9 5 6  0 . 2 9 8 9 2 8  0 . 2 1 9 1 7 0  - 0 . 1 5 5 8 2 0  0 . 2 4 3 0 7 3  0 . 2 2 3 1 7 7  
1 7  0 . 5 1 6 0 4 4  - 0 . 2 4 7 4 8 3  - 0 . 2 7 7 5 5 4  0 . 3 2 6 5 4 7  0 . 2 6 3 1 7 5  0 . 2 7 0 1 1 1  - 0 . 4 8 7 5 3 7  0 . 1 3 6 2 6 0  
1 8  0 . 4 8 6 7 6 7  - 0 . 2 4 4 2 7 0  - 0 . 3 7 7 5 4 5  0 . 3 6 3 6 9 1  0 . 3 1 1 4 9 8  0 . 3 6 9 1 4 8  - 0 . 3 3 3 6 7 0  0 . 0 8 1 2 9 6 8  
1 9  0 . 6 5 8 5 0 7  0 . 0 8 3 0 6 2 9  - 0 . 1 6 0 2 3 9  0 . 2 0 5 0 6 2  - 0 . 2 2 7 8 5 2  0 . 1 8 6 9 7 4  0 . 1 7 9 9 0 2  - 0 . 0 8 3 3 8 6 3 
2 0  0 . 6 3 33 5 7  0 . 0 3 1 0 1 4 8  - 0 . 1 5 9 1 6 7  0 . 2 4 9 0 5 8  0 . 2 0 9 8 4 3 - 0 . 0 5 7 9 9 6 1  0 . 3 5 6 4 2 6  - 0 . 1 1 2 7 9 4  
2 1  0 . 2 0 5 6 9 9  - 0 . 1 8 3 4 9 8  0 . 5 3 2 4 3 9  0 . 4 5 4 9 0 5  - 0 . 3 4 5 6 2 1  - 0 . 1 7 3 6 0 4  - 0 . 2 1 5 8 2 2  0 . 2 4 2 7 2 5  
2 2  0 . 3 8 5 0 4 1  0 . 1 7 1 2 8 7  0 . 6 0 2 0 1 4  0 . 3 9 8 0 0 0  - 0 . 1 1 8 4 7 5  - 0 . 2 9 7 1 2 9  - 0 . 1 6 5 3 0 8  0 . 0 3 5 6 5 3 9  
2 3  0 . 6 9 7 5 5 3 0 . 2 4 3 0 9 5  0 . 0 6 8 3 1 9 6  - 0 . 0 9 5 3 0 0  - 0 . 0 1 4 5 3 9 4  0 . 0 2 1 2 9 0 4 1 0 . 1 3 9 5 3 3  - 0 . 1 8 8 8 0 0  
2 4  0 . 3 5 5 2 3 5  0 . 0 8 6 1 7 4 3  0 . 2 3 3 7 2 9  0 . 1 5 5 4 1 5  0 . 2 4 8 4 3 9  0 . 0 2 8 9 9 3 3  - 0 . 0 1 3 7 0 9 8  - 0 . 5 7 3 3 9 9  
2 5  0 . 2 6 4 2 5 7  0 . 2 5 0 7 6 9  - 0 . 0 1 4 0 6 2 4  - 0 . 0 3 3 3 1 9 4  0 . 2 3 5 7 0 9  - 0 . 0 9 1 5 0 3 4  0 . 0 1 8 1 8 4 9 - 0 . 5 3 5 5 1 0 
2 6  0 . 7 4 8 0 0 4  0 . 4 8 4 1 2 9  - 0 . 0 4 2 4 3 8 8  - 0 . 0 2 2 3 9 6 1  0 . 1 8 8 3 2 9  0 . 0 7 4 8 5 1 5 0 . 0 0 9 7 4 3 3 6 0 . 0 7 0 5 0 9 0 
2 7  0 . 5 5 8 0 6 8  0 . 6 5 5 7 7 5  0 . 0 5 2 4 7 9 5  - 0 . 2 3 9 7 6 2  - 0 . 0 7 6 2 7 8 1  0 . 0 0 5 9 9 0 7 1  - 0 . 1 8 7 3 5 7  0 . 1 2 1 8 9 6  
2 8 0 . 3 9 1 8 0 9  0 . 7 6 1 3 6 9  0 . 0 3 6 3 3 4 9  - 0 . 2 3 5 6 2 0  0 . 0 6 7 5 9 5 7  - 0 . 0 7 6 0 3 2 7  - 0 . 1 3 7 9 4 5  0 . 1 5 0 7 7 0  
� 
O'I 
2 9  0 . 4 8 0 5 5 1  0 . 6 8 4 7 8 2  0 . 0 6 4 7 2 4 6  0 . 0 0 6 8 4 2 4 8  0 . 1 7 5 0 6 4  - 0 . 0 3 5 8 7 9 3  0 . 0 1 0 9 3 3 7  0 . 2 3 6 1 8 7  
t�or� a r . 
; e n - 9 . 2 8 0 6 6  3 . 5 2 5 1 8 1 . 0 4 0 5 5  1 . 6 1 6 7 4  1 . 5 0 4 1 2  1 . 4 3 3 4 1  1 . 3 5 1 0 7  1 . 1 2 9 4 9  
va l ue s ) · · - -·-
i f  To ta l 1 2 . 1 6 6 . 7 1 5 . 5 7 5 . 1 9 4 . 9 4 4 . 6 6  3 . 8 9 ,- , ;:i n r i=>  3 2 . 0 0 
p g 
1 7  0 . 1 0 6 0 9 9  
P I O  
Tab l e  4 - 2  ( co n t . )  
The Obta ined Fa ctor Ma tr i x  Ba sed on Tab l e  4 - 1  
After P r i nc i pa l  Co!Ylponen t Ana l ys i s  
p l l  p l 2  p l 3  p l 4  
- 0 . 0 3 7 8 7 3 0  - 0 . 0 1 7 8 3 7 4  - 0 . 0 5 9 3 9 1 3  0 . 0 9 5 8 1 2 2  0 . 2 2 4 0 5 5  
p
l 5  
- 0 . 0 7 6 8 0 1 3 
1 8  - 0 . 0 3 3 1 2 1 0 - 0 . 0 5 2 2 0 5 4  - 0 . 0 6 0 5 8 8 9  - 0 . 0 0 8 5 6 2 9 1  0 . 0 0 3 7 5 5 7 0  - 0 . 0 1 6 3 9 6 3  - 0 . 0 0 6 5 2 0 0 8  
1 9  - 0 . 0 7 3 4 2 7 1  0 . 1 2 8 5 6 6  - 0 . 0 9 7 9 8 3 7 - 0 . 1 5 4 8 9 2  0 . 3 8 3 0 0 8  - 0 . 0 8 0 8 2 0 4 0 . 0 6 0 7 1 4 0  
2 0 0 . 5 7 0 5 4 3 0 . 2 6 3 0 0 5  - 0 . 0 9 4 1 8 5 0  - 0 . 0 2 3 4 8 7 6  0 . 2 4 6 2 8 9  0 . 2 5 0 9 4 3 0 . 0 2 4 8 6 3 2  
2 1 . 0 . 1 6 2 8 3 7  0 . 0 5 2 3 4 7 4 - 0 . 1 8 0 8 3 2  - 0 . 1 9 5 9 7 9  - 0 . 0 2 9 5 5 7 2  0 . 1 2 5 3 0 4  - 0 . 1 2 8 2 6 8  
2 2 . 0 . 0 3 8 1 9 6 4  - 0 . 0 7 1 9 9 3 6  0 . 1 8 3 3 9 0  - 0 . 0 6 1 8 8 3 3  - 0 . 0 8 3 0 4 2 9  - 0 . 1 0 8 3 6 8  0 . 1 6 6 2 8 3  
2 3  o . 1 5 2 5 0 9  0 . 0 1 5 1 2 1 8  o . 3 7 0 4 3 4  0 . 0 0 4 5 8 5 8 3  o . 1 6 6 5 7 0  - 0 , 1 2 4 2 3 6  o , 3 1 0 4 3 7  
2 4  - 0 . 2 4 0 4 1 8  0 . 3 0 9 5 6 6  0 . 3 4 0 8 4 4  - 0 , 0 8 0 2 1 8 2  - 0 . 0 7 6 0 2 5 3  0 , 1 8 2 3 4 5  - 0 , 2 8 1 3 3 9  
2 5  o . 4 8 4 1 7 3  o . 1 4 6 1 2 4  - o . 4 5 3 4 2 5  0 . 0 2 4 9 4 6 0  - o . 1 7 6 3 2 5  - 0 , 0 3 1 1 0 0 3  0 , 0 6 0 1 0 0 1 
2 6  - 0 . 0 6 7 7 9 1  0 . 0 7 0 7 8 5 2  - 0 . 0 1 7 3 8 8 8 0  0 , 0 5 5 0 8 2 4 - 0 , 0 9 3 5 0 5 3  0 , 0 8 8 3 0 0 4  0 , 0 5 0 4 6 8 0  
2 1 o . 1 4 9 8 4 5  - 0 . 0 9 2 5 0 0 4  - 0 . 0 4 1 5 2 5 0  - 0 . 1 0 0 9 7 3  o . o s 4 2 7 2 1 � 0 . 0 4 2 9 0 1 9  0 . 0 1 5 9 7 5 3 
2 8 - 0 . 0 2 5 3 9 0 6  - 0 . 1 0 9 5 5 0  - 0 . 0 7 2 3 1 3 3  0 , 0 7 0 7 9 2 3  0 , 0 4 6 6 3 2 6  0 , 0 2 3 4 6 6 3  - 0 . 1 1 4 9 2 8  
2 9  - 0 . 0 6 9 1 6 4 1  0 . 0 6 3 5 3 0 3  0 . 0 0 4 6 0 3 2 7  0 . 1 1 6 7 5 6  0 . 0 0 3 0 5 4 4 5  0 . 1 0 6 6 9 5 , . � o , 0 7 4 4 8 2 6  
______ .. _,__  _.,,_.., __,_, ______ .. __ .,a:.. 
· t o r  Va 0 : 9 5 6 2 3  1 q en 
i l  11e s )  
0 . 8 5 6 8 2  0 . 7 4 4 4 1  
o f  To ta l 3 .3 o 2 . 9 5 2 . 5 7 1 r i ance . 
-...J 
0 , 6 1 8 8 5  0 , 5 5 7 8 9  0 , 4 6 3 2 6  0 . 4 5 1 2 3  
2 . 1 3 l .  9 2 1 .  6 0  1 .  5 6  
-· ·------··-------- --------------------- ----------------
p l 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3 
2 4  
2 5  
2 6  
2 7 
2 8  
2 9  
� to r  Va r . 
i. g e n - 0 . 4 1 4 5 9  
1 1  ue s )  
o f  To t a l  
i r i a n c e  1 . 4 3  
P 1 7  
0 . 2 4 7 1 8  
1 . 2 0 
T a b l e  4 - 2  ( co n t . )  
The Ob ta i ne d  Fac to r  Ma tr i x  Ba sed o n  Tabl e 4 - 1  
After P r i nc i pa l  Compon e n t  Ana l y s i s  
p l 8  p l 9  p 2 0  p 2 1  
omi tted 
0 . 2 9 9 3 5  0 . 2 5 5 4 5  0 . 2 5 1 2 8  0 . 1 9 2 7 9  
. 0 3 0 . 8 8 0 . 8 7 0 . 6 6 
p 2 2  
0 . 1 7 7 4 2  




Tab l e  4 - 2  ( cont . )  
The Ob ta i ned Fac tor Ma tr i x  Ba sed o n  Tab l e  4 - 1  
A f t e r  P r i n c i p a l  Component Ana l y s i s  
Commun -
P 2 3 P 2 4 P 2 5 P 2 6  P 2 7  P 2 9  P 2 9  a l i 2Y ( h )  
1 7  1 
1 8  1 
1 9  1 
2 0 1 
omi t ted 
2 1 1 
2 2  1 
2 3 1 
2 4 1 
2 5 1 
2 6  1 
2 7  1 
2 8  1 
2 9 1 .c. 
lO 
le tor Va r .  
i ·� i q e n - 0 . 1 5 3 4 5  0 . 1 4 1 8 3  0 . 1 1 3 4 6  0 . 0 7 9 9 5  0 . 0 6 0 6 7  0 . 0 4 7 6 6  0 . 0 2 9 6 7  2 9  
1a l ue s )  
o f  To ta l 0 . 5 3 0 . 4 9 0 . 3 9  0 . 2 8 0 . 2 1 0 . 1 6 0 . 1 0 1 0 0  i r i an c e  
Tab l e  4 - 3  
Fac tor Ma t r i x  Ob ta i ned f rom Tab l e  4 - 1  by I t e ra t ion 
Va r i ab l e  p l P 2 P 3 P 4 
1 .  4 0m 0 . 7 4 5 1 2 4  - 0 . 2 2 6 4 3 2  - 0 . 1 8 1 0 5 5  - 0 . 1 1 2 1 1 6  
2 .  5 0m 0 . 8 0 6 9 1 6  - 0 . 1 6 5 8 1 7 - 0 . 0 2 2 1 6 6  - 0 . 0 9 2 1 7 5  
3 .  6 0m 0 . 8 4 6 1 6 0  - 0 . 2 2 6 6 4 7  - 0 . 1 9 8 8 6 6  - 0 . 0 1 5 2 5 4  
4 .  8 0m 0 . 7 8 7 9 2 3  - 0 . 2 3 3 7 6 3 - 0 . 2 0 6 9 7 6  - 0 . 1 7 2 6 5 9  
5 .  l O Orn 0 . 8 2 5 1 8 6  - 0 . 1 9 7 3 0 7  - 0 . 2 4 0 7 6 5  - 0 . 0 4 6 3 9 4  
6 .  Trunk exten- - 0 . 0 7 4 6 4 1  0 . 1 6 7 4 7 2  0 . 3 3 9 0 8 4  0 . 1 6 0 9 8 6  
s i on ba ckward 
7 .  Trunk e x te n - 0 . 1 1 6 8 6 7  0 . 2 2 6 3 3 2  0 . 2 2 3 7 7 1  0 . 4 1 0 2 8 2  
s i on forwa rd 
8 .  8 0 0rn 0 . 5 3 3 3 0 8  - 0 . 4 3 3 8 0 4 0 . 3 4 0 1 2 8  - 0 . 3 5 4 8 4 7 
9 .  l O O Om 0 . 5 3 8 5 0 0  - 0 . 4 9 8 1 6 1 o .  4 2 6 5 2 6  - 0 . 3 4 8 9 6 1  
1 0 . 1 2 0 0m 0 . 5 5 4 2 1 8 0 . 4 8 5 6 3 8 0 . 4 2 4 3 3 6  - 0 . 3 2 5 7 2 6  
1 1 . S h u t t l e  run 0 . 6 5 4 1 3 3  - 0 . 1 4 9 6 5 0  0 . 0 0 0 1 7 8  0 . 1 0 8 9 9 5  
1 2 . S i de s te p s  0 . 1 1 9 3 5 9  0 . 1 6 4 7 8 1 - 0 . 1 0 2 3 3 1  0 . 0 5 9 7 9 8  
1 3 . Z i g  Z a g  run 0 . 4 1 8 4 3 5  0 . 0 3 3 3 9 4  0 . 3 3 1 0 3 3  0 . 1 3 6 1 6 1 V1 0 
1 4 . G r i p  s t rength 0 . 6 5 7 7 7 8  0 . 6 1 9 2 1 1  - 0 . 0 1 9 6 8 1  - 0 . 1 5 7 0 7 7  
1 5 . Pu s h - up 0 . 5 3 4 9 3 0  - 0 . 1 7 6 9 1 4  - 0 . 0 0 1 9 2 5 0 . 1 2 3 6 3 8  
1 6 . P u l l - up 0 . 5 9 4 3 0 3 - 0 . 2 1 4 5 4 7  - 0 . 0 1 5 1 9 5 6  0 . 2 9 8 9 2 8  
Tab l e  4 - 3  ( co n t . )  
Fac tor Ma tr i x  Ob ta i ned from Tab le 4 - 1  by I teration 
Co:rnmuna l i ty 
Va r i able P 5 p 6 P 7 ( h 2 ) 
1 .  4 0m - 0 . 2 1 5 9 1 9 - 0 . 2 9 0 4 1 5  - 0 . 0 3 4 8 6 2  0 . 7 8 4 0 0 9  
2 .  5 0m - 0 . 3 1 0 4 6 7  - 0 . 0 9 7 2 0 1  - 0 . 0 6 2 6 3 2  0 . 7 9 7 3 5 6  
3 .  6 0m - 0 . 1 5 5 4 2 5  - 0 . 0 3 2 5 8 1  - 0 . 1 0 6 4 1 2  0 . 8 4 6 0 8 0  
4 .  8 0m - 0 . 1 6 6 8 1 8 - 0 . 1 0 2 7 9 1  - 0 . 0 3 4 6 3 4 0 . 7 8 7 7 1 2 
5 .  l O Om - 0 . 2 2 3 5 5 2  - 0 . 0 0 7 1 7 2  - 0 . 0 0 8 1 2 3 0 . 8 3 2 3 3 5  
6 .  Trunk e x ten- - 0 . 3 6 7 1 3 7  0 . 5 8 4 2 1 3  - 0 . 0 5 1 6 9 3  0 . 6 5 3 2 7 9  
s i on backward 
7 .  Tr unk exten- 0 . 3 6 4 3 1 6 0 . 0 6 2 8 9 8  0 . 4 2 3 4 5 8  0 . 5 9 2 3 4 8  
s io n  forwa rd 
8 . 8 0 0m 0 . 1 5 0 3 5 2  0 . 2 0 8 5 2 8  - 0 . 0 1 1 3 1 5  0 . 7 8 4 7 8 8  
9 .  l O O Om 0 . 2 1 8 1 7 5  o . 1 6 2 4 6 4  0 . 0 6 3 9 0 2  0 . 9 1 9 9 2 3  
1 0 . 1 2 0 0m 0 . 2 0 5 6 6 9  0 . 0 9 1 2 8 0  0 . 1 5 0 5 9 7  0 . 9 0 2 4 7 2  
1 1 . S hu tt l e  run - 0 . 1 2 4 7 2 0  - 0 . 2 7 2 7 1 4 0 . 1 5 3 5 7 2  0 . 5 7 5 6 7 8  
1 2 . S i de s teps 0 . 2 0 3 3 1 3  0 . 5 2 6 5 7 1  0 . 5 6 0 6 2 2  0 . 6 8 8 5 6 0  
1 3 . Z i g  Zag Run 0 . 0 2 7 2 3 1  0 . 3 2 1 3 1 2 0 . 0 0 8 8 6 6  0 . 4 0 8 3 9 0  
1 4 . Gr i p  s t re ngth 0 . 0 6 9 7 3 4  0 . 0 8 1 4 5 4 0 . 0 2 3 2 8 9  0 . 8 5 3 1 9 5  
U1 
1 5 . Pu sh-up ..... 0 . 4 4 4 4 2 2  - 0 . 1 7 4 0 3 0  0 . 2 1 9 6 4 0  0 . 6 0 8 7 7 9  
1 6 . Pu l l -up 0 . 2 1 9 1 7 0  - 0 . 1 5 5 8 2 0  0 . 2 4 3 0 7 0  0 . 6 4 3 0 7 5  
Tab l e  4 - 3  ( con t . ) 
Fac tor Ma t r i x  Obta i ne d  f rom Tab l e  4 - 1  by I te ra t ion 
Va r i ab l e  p l p 2 P 3 P 4 
1 7 . S i t-up for 3 0  s e c . 0 . 5 1 6 0 4 4  - 0 . 2 4 7 4 8 3  - 0 . 2 7 7 5 5 4  0 . 3 2 6 5 4 7  
1 8 . S i t  up fo r 1 min . 0 . 4 8 6 7 6 7  - 0 . 2 4 4 2 7 0  - 0 . 3 7 7 5 4 5  0 . 3 6 3 6 9 1  
1 9 . Ve r t i c a l  j ump 0 . 6 5 8 5 0 7  0 . 0 8 3 0 6 3  - 0 . 1 6 0 2 3 9  0 . 2 0 5 0 6 2  
2 0 . S ta n d i n g  long j ump 0 . 6 3 3 3 5 7  0 . 0 3 1 0 1 5 - 0 . 1 5 9 1 6 7  0 . 2 4 9 0 5 8  
2 1 .  T r i p l e  j ump 0 . 2 0 5 6 9 9  - 0 . 1 8 3 4 9 8  0 . 5 3 2 4 3 9  0 . 4 5 4 9 0 5  
2 2 . S o f tba l l throw i n g  0 . 3 3 5 0 4 1  0 . 1 7 1 2 8 7  0 . 6 0 2 0 1 4 0 . 3 9 8 0 0 0 
for d i s tance 
2 3 .  Handba l l  throwi ng 0 . 6 9 7 5 5 3  0 . 2 4 3 0 9 5  0 . 0 6 8 3 2 0  - 0 . 0 9 9 5 3 0  
fo r d i s ta nce 
2 4 . Shot put 0 . 3 5 5 2 3 5  0 . 0 8 6 1 7 4  0 . 2 3 3 7 2 9  0 . 1 5 5 4 1 5  
2 5 . Ba seba l l throwi n g  0 . 2 6 4 2 5 7  0 . 2 5 0 7 6 9  - 0 . 0 1 4 0 6 2  - 0 . 0 3 3 3 1 9 
for accuracy 
2 6 . So ftbal l throw i n g  0 . 7 4 8 0 0 4 0 . 4 3 4 1 2 9  - 0 . 0 4 2 4 3 9  - 0 . 0 2 2 3 9 6  
for accuracy 
2 7 . He ight 0 . 5 5 8 0 6 8  0 . 6 5 5 7 7 5  0 . 0 5 2 4 8 0  - 0 . 2 3 9 7 6 2 
2 8 . We i g h t  0 . 3 9 1 8 0 9  0 . 7 6 1 3 6 9  0 . 0 3 6 3 3 6 - 0 . 2 3 5 6 2 0  
2 9 . Che s t  g i rth 0 . 4 8 0 5 5 1  0 . 6 8 4 7 8 2  0 . 0 6 4 7 2 5  0 . 0 0 6 8 4 2  
Fa c to r  Var1an c e  9 . 2 8 0 6 7 4  1 . 9 4 5 9 5 3  1 . 6 1 6 7 5 2  
l11 
( Ei genva l ue s )  3 . 5 2 5 1 7 6  "" 
Perce ntage o f  3 2 . 0 0 1 2 . 1 6 6 . 7 1 5 . 5 8 To ta l Va r i ance 
Tab l e  4 - 3  ( co n t . )  
F a c tor Ma t r i x  Ob ta i ne d  from Tab l e  4 - 1  by I te r a t ion 
Va r i ab l e  p 5 
1 7 . S i t -up for 3 0  s ec . 0 . 2 6 3 1 7 5  
1 8 . S i t - up fo r 1 m i n . 0 . 3 1 1 4 9 8  
1 9 . Ver t i c a l  j ump - 0 . 2 2 7 8 5 2  
2 0 . S tand i n g  long j ump - 0 . 2 0 9 8 4 3 
2 1 . Tri p l e  j ump - 0 . 3 4 5 6 2 1  
2 2 . S o ftba l l  throw i n g  - 0 . 1 1 8 4 7 5  
for d i s tance 
2 3 . Handba l l  throwi ng - 0 . 0 1 4 5 3 9  
for d i s tance 
2 4 . S h o t  put 0 . 2 4 8 4 3 9  
2 5 . Ba seba l l  t hrowi n g  0 . 2 3 5 7 0 9  
f o r  a c c u racy 
2 6 . S o f tbal l throwing 0 . 1 1 8 3 2 9  
for a c c u racy 
2 7 . H e i gh t  - 0 . 0 7 6 2 7 8  
2 8 . We i gh t  0 . 0 6 7 5 9 6  
2 9 . Che s t  gi r th 0 . 1 7 5 0 6 4  
Fac tor Va r i a n c e  
( E i genva lue s )  
Pe rc entage o f  
To ta l Var i a n c e  
1 . 5 0 4 1 2 7  
5 . 1 9 
P 6 
0 . 2 7 0 1 1 1  
0 . 3 6 9 1 4 3  
0 . 1 8 6 9 7 4  
- 0 . 0 5 7 9 9 6  
- 0 . 1 7 3 6 0 4  
- 0 . 2 9 7 1 2 9  
- 0 . 0 2 1 9 0 4  
0 . 0 2 8 9 9 3  
- 0 . 0 9 1 5 0 3  
0 . 0 7 4 8 5 2  
0 . 0 0 5 9 9 1  
- 0 . 0 7 6 0 3 3  
- 0 . 0 3 5 8 7 9  
1 . 4 3 3 4 0 8  
4 . 9 4 
p 7 
- 0 . 4 8 7 5 3 7  
- 0 . 3 3 8 6 7 0  
0 . 1 7 9 9 0 2  
0 . 3 5 6 4 2 6  
- 0 . 2 1 5 8 2 2  
- 0 . 1 6 5 3 0 8  
- 0 . 1 3 9 5 3 8  
- 0 . 1 3 7 0 9 8  
0 . 0 1 8 1 8 5  
0 . 0 0 9 7 4 8  
- 0 . 1 8 7 3 5 7  
- 0 . 1 3 7 9 4 5  
0 . 0 1 0 9 3 4  
1 . 3 5 1 0 7 6  
4 . 7 7 
CommunaITty 
( h 2 ) 
0 . 8 9 1 1 3 2  
0 . 9 1 9 4 2 1  
0 . 6 2 7 4 9 8  
0 . 6 6 3 9 0 4  
0 . 7 6 2 5 8 4  
0 . 8 2 8 0 7 0  
0 . 5 8 0 4 1 1  
0 . 2 9 3 7 5 9  
0 . 1 9 8 2 8 7  
0 . 8 1 5 8 9 3 
0 . 8 4 2 6 7 8  
0 . 8 1 9 4 1 4 
0 . 7 3 6 1 4 7  
2 0 . 6 5 7 1 6 6  




of each var iable accounted for by the factor . The value 
was equal to the sum of the factor loading of  each variable . 
Rotation o f  Factor Axes 
The result· o f  the analys is of Table 4 -3 was described 
as above . However , the factor matrix demons trated that 
some of the variab les  have loadings on s everal factors ( such 
as variables 2 6- 2 9 ) . Such a find ing made the interpretation 
difficult .  For thi s  reason , the analys i s  mus t  undergo the 
proces s of rotation in accordance with " Rules of S imple 
Structure "  ( 32 : 6 5-7 0 ) to find out the pure variab les; 
that is , after rotation the variable in the factor matrix 
should have loadings only on a few factors , and the more 
zero or near z ero loadings the better . Thus , the comp lex­
ity of factor analys is becomes s imp l i fied . 
There are many methods of  rotat ing the factor axes . 
The mo st commonly used methods are orthogonal rotation and 
ob lique rotation . Because there are many criteria o f  
" S imp l e  Structure , "  it  is a laborious and time-consuming 
work to rotate the factor axe s  adequately . At pres ent , the 
proces s  of rotation is primar i ly written into the computer 
program and computat ion is done by the computer . Thi s 
method i s  cal led "Analytic Rotation Method . "  Two widely 
used method s are Var imax and Quartimax ( 30 : 81 � 9l l , 
but both of  these methods permit only orthogonal rotation . 
Thi s  s tudy employed the Varimax method deve loped by 
5 5  
Kai ser . The rotation criter ion o f  Var imax wa s that the sum 
o f  the squared loadings of  the var iable on each factor should 
be at maximum ( 3 0 : 8 1- 9 1  ) , i . e . , the values in each column 
o f  the factor matr ix . By mean s o f  this method , the factor 
s tructure after rotation was s imp l i f i ed and ea sier to inter­
pret . The factor matrix after rotation i s  shown a s  Table 
4-4 . 
When comparing Table 4 - 4  with Tab l e  4- 3 ,  after rotat ion , 
some o f  the negative factor loadings in the matrix had 
become larger ; for example , Factor P 1 : 0 . 8 2 2 3 2 9  and 0 . 8 3 3 4 6 , 
Factor P 2 : 0 . 8 5 9 0 2 6  and 0 . 9 9 5 1 2 4 , with some values near z ero 
( i . e . , P 3 : 0 . 0 1 9 57 2 and 0 . 0 2 3 3 1 0 , P4 : 0 . 0 6 6 8 9 4 and 0 . 07 1 9 5 6 ) . 
Moreover , in the matrix each var iable has load ings only on 
a few factors ( e . g . , Var iable 1 has loadings on P 1 , 
Variable 8 ha s load ings on P3 ) .  
I t  was evident that the rotated factor matrix o f  Table 
4-4  has met the requirement o f  "pure '' variabl e ,  and based 
upon it , the property o f  fac tor c an thus be inferred . 
Again , a compar i son was made between the communal i ty 
(h2 ) o f  Table 4 - 3  and 4 - 4 , and it  wa s d i scovered that 
rotation of factor axes had l ittl e e ffect on communality , 
but gr eat effect on the fac tor variance; for examp l e , the 
value of P1 changed from 9 . 2 8 0 6 7 4  to 5 . 7 4 6 1 2 0 , and the 
value of Factor P2 increased from , 3 . 5 2 5 17 6  to 4 . 5 8 2 0 7 0 . 
Yet the var iance the s e  seven factors accounted for wa s not 
influenced by rotation . 
Tab l e  4 - 4 
" The Ro ta ted Fac to r Ma t r i x " from Tab l e  4 - 3  Through Var imax 
Va r i a b l e  p l P 2 P 3 P 4 
1 .  4 0m o . 8 2 2 3 2 9 *  0 . 1 5 0 1 3 7  0 . 0 6 7 9 2 2  0 . 0 7 4 2 7 0  
2 .  5 0m 0 . 7 6 9 3 3 1 *  0 . 2 2 4 7 7 2  0 . 2 1 7 0 5 7  0 . 0 8 1 7 0 7  
3 . 6 0m 0 . 7 8 2 6 8 4 *  0 . 2 0 4 0 1 4  0 . 2 7 9 0 4 0  0 . 0 2 2 8 3 4  
4 .  8 0m 0 . 8 0 6 7 0 2  0 . 1 7 5 5 6 1  0 . 2 8 8 1 8 1  - 0 . 0 5 5 1 8 9  
5 .  l O Om 0 . 8 3 3 4 5 6 *  0 . 1 8 5 5 7 8  0 . 2 0 6 8 2 9  0 . 0 0 1 9 2 5  
6 .  Tr unk exten- - 0 . 2 0 6 2 5 7  0 . 0 2 6 5 1 9  0 . 0 1 9 5 7 2  0 . 2 9 0 1 9 8  
s ion backwa rd 
7 .  Trunk exten- - 0 . 1 2 5 1 3 1  0 . 1 5 8 8 6 8  - 0 . 0 2 3 3 1 0 0 . 1 5 4 5 7 9  
s i on forwa rd 
8 .  8 0 0m 0 . 2 5 6 4 3 3  0 . 0 3 4 1 0 4  0 . 8 3 5 9 4 2 *  0 . 0 3 7 3 3 6  
9 .  l O O Om o . 2 3 9 2 9 0  - 0 . 0 0 6 3 7 2  0 . 9 2 0 9 0 3 *  0 . 0 6 6 8 9 4  
1 0 . 1 2 0 0m 0 . 2 3 6 1 5 7  - 0 . 0 1 0 0 5 6  0 . 8 9 1 8 7 5 *  0 . 0 7 1 9 5 6  
1 1 . S hu t t l e  run 0 . 6 6 1 4 7 3 *  0 . 1 1 6 1 7 7  0 . 1 5 2 4 5 8  0 . 2 0 2 4 2 7  
1 2 . S i de s te p s  0 . 1 3 2 5 5 9  0 . 0 4 6 3 9 2  - 0 . 0 2 8 0 6 4  - 0 . 2 6 7 0 6 0  
1 3 .  Z i g  Z a g  run 0 . 1 1 2 1 8 3 0 . 2 0 8 8 7 0  0 . 3 0 8 4 3 4  0 . 2 9 0 0 1 8  
1 4 . G r ip s trength o .  2 7 2 7 2 0  0 . 8 5 9 0 2 6 *  0 . 0 5 9 3 5 6  - 0 . 0 3 6 0 8 7  U1 0\ 
1 5 .  P u s h - up 0 . 3 1 6 7 9 1  0 . 1 2 6 8 2 0  0 . 3 1 4 1 7 8  - 0 . 0 1 5 4 2 9  
1 6 . Pu l l -up 0 . 5 2 2 9 4 0  0 . 0 2 7 8 6 0  0 . 1 2 4 3 3 5  0 . 0 3 2 9 1 8  
Tab l e  4 - 4 ( c o n t . )  
" The Ro ta ted Fac tor Ma t r i x "  from Tab l e  4 - 3  Thro ugh Va r imax 
Communa l i ty 
Va r i a b l e  P 5 p 6 P 7 ( h
2 ) 
1 .  4 0m 0 . 0 7 4 2 7 0  - 0 . 1 9 3 6 7 7  - 0 . 0 3 0 6 7 9  0 . 7 8 4 0 1 0  
2 .  5 0m 0 . 0 8 1 7 0 7  0 . 0 2 6 5 0 5  - 0 . 1 0 5 7 4 2 0 . 7 9 7 3 5 7 
3 .  6 0m 0 . 3 2 9 4 2 2  0 . 2 4 5 4 4 4  - 0 . 0 6 1 3 9 6  0 . 8 4 6 0 8 1  
4 .  8 0m 0 . 1 2 9 9 2 3  - 0 . 0 5 1 9 7 5  - 0 . 0 2 1 1 4 5 0 . 7 8 7 7 1 2 
5 .  l O Orn 0 . 2 3 5 7 6 7  0 . 0 5 9 6 1 9  - 0 . 0 3 6 3 9 8  0 . 8 3 2 3 3 6 
6 .  Trunk e x te n - 0 . 0 3 7 9 7 8  0 . 6 7 3 1 9 7 *  - 0 . 2 6 6 0 8 5  0 . 6 5 3 2 8 0  
s ion backwa rd 
7 .  Trunk e x te n - - 0 . 0 4 3 0 3 0  0 . 1 3 8 9 5 5  0 . 7 1 1 2 3 3 *  0 . 5 9 2 3 4 8  
s ion forward 
8 .  8 0 0m 0 . 1 2 3 5 4 8 0 . 0 3 3 7 9 1  - 0 . 0 3 5 6 0 5  0 . 7 8 4 7 8 8  
9 .  l O O Om 0 . 0 7 5 8 0 4  0 . 0 0 4 5 0 9  0 . 0 6 5 7 2 7  0 . 9 1 9 9 2 4  
1 0 . 1 2 0 0m 0 . 0 0 5 8 1 0  - 0 . 0 0 4 5 0 5  0 . 1 4 0 7 5 6  0 . 9 0 2 4 7 2  
1 1 . S hu t t l e  run 0 . 0 0 4 6 2 6  - 0 . 0 6 4 1 4 2 0 . 2 3 7 2 3 2  0 . 5 7 5 6 7 9  
1 2 . S i de s te p s  - 0 . 1 0 4 9 9 9  0 . 7 4 5 1 7 4 *  0 . 1 7 4 4 1 3  0 . 6 8 8 5 6 2  
1 3 . Z i g Z a g  run 0 . 1 7 3 4 6 2  o .  3 6 8 9 5 3A 0 . 0 8 1 7 9 8  0 . 4 0 8 3 9 0  
1 4 . G r i p  s trength 0 . 0 4 5 2 9 2 0 . 1 6 1 0 3 6  0 . 0 8 9 9 1 4  0 . 8 5 3 1 9 6  
01 
...., 
1 5 . Pus h-up 0 . 2 0 3 2 4 5 - 0 . 1 8 3 8 9 1  0 . 5 6 4 1 5 1 * 0 . 6 0 8 7 7 9  
1 6 . P u l l -up 0 . 2 5 7 4 5 5  0 . 0 6 0 9 3 7  0 . 4 3 1 3 3 0 *  0 . 6 4 3 0 7 5  
Tab l e  4 - 4  ( cont . )  
" The Ro tated F a c t o r  Ma tr i x " f rom Tabl e 4 - 3  Through Var imax 
Va r i ance p l P 2 P 3 P 4 
1 7 . S i t-up for 3 0  s e c . 0 . 2 7 1 2 8 2  0 . 0 6 8 8 5 9  0 . 1 1 0 5 4 7  0 . 0 7 4 0 8 8  
1 8 . S i t  up for 1 m i n . 0 . 2 6 3 3 0 6  0 . 0 2 7 8 9 8  0 . 0 7 2 8 6 4  - 0 . 0 6 4 7 6 9  
1 9 . Ve r t i c a l  j ump 0 . 5 9 6 6 9 4 * 0 . 2 5 0 4 7 4  - 0 . 0 0 5 9 2 8  0 . 0 5 8 3 2 9  
2 0 . S ta n d i n g  long j ump 0 . 6 7 4 6 4 4 *  0 . 1 6 2 0 2 5  - 0 . 0 5 5 6 4 7  0 . 0 7 2 4 3 5  
2 1 .  Tr i p l e  j ump 0 . 1 7 4 2 5 9  - 0 . 1 5 3 9 8 2  0 . 0 5 8 2 8 9  0 . 8 3 7 6 9 9 *  
2 2 . So f tba l l  throwi ng 0 . 1 2 5 2 3 7  0 . 2 7 0 2 9 0  0 . 0 6 7 5 7 4  0 . 8 3 4 5 1 4 *  
for d i s tance 
2 3 . Handba l l  t hrow i n g  0 . 3 9 3 3 5 3  0 . 5 7 4 7 3 5 *  0 . 2 1 5 6 1 0  0 . 1 4 6 7 7 3  
for d i s tance 
2 4 . Sho t  pu t 0 . 0 1 3 1 5 2  0 . 2 8 2 5 9 3 4 0 . 2 1 0 0 6 2 0 . 2 6 2 0 2 1  
2 5 . B a s e ba l l  throw i n g  0 . 0 5 1 6 4 3 0 .  3 7 5 3 3 2 .Ll 0 . 0 3 9 7 9 9  - 0 . 0 3 5 9 4 0 
for accuracy 
2 6 . S o f tbal l throwing 0 . 3 9 5 8 5 4 0 . 7 6 9 2 2 7 *  0 .  0 8 7 7 0 9  . 0 . 0 2 2 3 0 3  
fo r a c c u r a c y  
2 7 . He i gh t  0 . 2 1 3 7 5 2  0 . 8 6 1 9 8 1 *  0 . 0 1 3 5 4 4  0 . 0 8 3 4 2 1  
2 8 . We i g h t  0 . 0 3 5 6 9 5  0 . 8 9 5 1 8 4 *  - 0 . 0 7 7 0 7 4  0 . 0 1 3 0 1 8  
2 9 . Che s t  g i r t h  0 . 0 7 9 8 2 2  0 . 8 1 5 5 1 8 *  - 0 . 0 6 5 0 3 6  0 . 0 8 2 2 1 9  U1 
Q) 
Fac to r Va r i ance 5 . 7 4 6 1 2 0  4 . 5 8 2 0 7 0  3 . 0 4 3 2 5 7  1 2 9 7 9 7 2  ( E i genva lue ) 
P e r c en tage o f 1 9 . 8 1 1 5 . 8 0 1 0 . 5 1 6 . 5 4 To ta l Va r i a nc e  
Tab l e  4 - 4  ( co n t . )  
" The Ro t a ted F a c to r  Ma t r i x "  f rom Tab l e  4 - 3  Through Var irna x  
Var i ance P 5 
1 7 . S i t  up fo r 3 0  s e c . 0 . 8 9 0 0 0 7 *  
1 8 . S i t-up for 1 m i n . 0 . 9 0 7 4 0 9 *  
1 9 . Ve r t i c a l  Jump 0 . 1 9 1 3 1 5  
2 0 . S tand i n g  long j ump 0 . 0 1 9 8 4 2  
2 1 . Tr i p l e  j ump 0 . 0 1 9 6 3 6  
2 2 . S o f tba l l  th rowing - 0 . 0 4 1 8 1 8  
fo r d i s tance 
2 3 . Handba l l  throwing 0 . 1 5 7 1 2 8  
for d i s tance 
2 4 . Shot pu t 0 . 2 4 6 4 6 2  
2 5 . Ba seba l l  throwi ng 0 . 0 5 2 9 8 2  
fo r accuracy 
2 6 . So f tbal l th row i ng 0 . 1 8 1 3 3 8  
fo r a c c u ra cy 
2 7 . He i gh t  - 0 . 0 1 7 0 9 9  
2 8 . We i gh t  - 0 . 0 8 3 0 2 4  
2 9 . Che s t  g i r th 0 . 0 2 1 4 0 2  
Factor Var i a nce 
( E i genva l uP )  2 . 1 5 1 7 1 0  
P e r c e ntage o f  7 . 4 2 To ta l Va r i ance 
p 6 P 7 
- 0 . 0 5 3 9 5 6  0 . 0 0 8 0 4 0  
0 . 0 5 7 9 1 0  0 . 1 1 4 2 9 9  
0 . 3 8 3 7 3 2  0 . 1 4 6 3 8 5  
0 . 2 5 3 8 9 2  0 . 3 3 0 6 2 0  
0 . 0 5 2 5 2 6  - 0 . 0 1 5 0 1 6  
- 0 . 0 4 0 1 2 7  0 . 1 8 6 6 1 2  
0 . 0 4 3 8 5 7  - 0 . 0 1 8 1 3 6  
- 0 . 0 2 4 2 5 1  0 . 1 9 9 0 3 6  
- 0 . 1 0 1 0 1 9  0 . 1 9 7 1 2 7  
0 . 1 4 0 6 7 7  0 . 1 8 3 8 6 8  
0 . 0 6 4 7 9 3  - 0 . 1 5 8 1 3 3  
- 0 . 0 2 8 3 5 0  - 0 . 0 5 3 9 1 5 
0 . 0 6 8 5 3 4 0 . 2 2 0 3 6 6 
- --- - --- ---- --------�---------- - - --
1 . 5 4 2 3 0 1 . 1 . 6 8 9 7 7 1  
5 . 3 2 5 . 8 3 
comrrn.fnarrty 
( h 2 ) 
0 . 8 9 1 1 3 2 
0 . 9 1 9 4 2 1  
0 . 6 2 7 4 9 9  
0 . 6 6 3 9 0 5  
0 . 7 6 2 5 8 5  
0 . 8 2 8 0 7 0  
0 . 5 8 0 4 1 2 
0 . 2 9 3 7 6 0  
0 . 1 9 8 2 8 7  
0 . 8 1 5 8 9 5  
0 . 8 4 2 6 7 9  
0 . 8 1 9 4 1 5  
0 . 7 3 6 1 4 8  
lJ1 
\0 
2 0 . 6 5 7 1 9 7  
7 1 . 2 3 
Tab l e  4 - 5  
The Ro tated Fac tor Ma t r i x  o f  t he Ei gh t  Extrac ted Fac to r s  
Va r i a b l e  p l p 2 P 3 P 4 
1 .  4 0m 0 . 8 1 2 1 6 4 *  0 . 1 5 9 4 9 7  0 . 2 0 9 1 3 9  0 . 0 7 6 4 5 5  
2 .  5 0m 0 . 7 7 3 7 3 7 *  0 . 2 1 0 8 4 8 0 . 2 9 5 5 9 4  0 . 2 0 3 3 2 0  
3 • 6 Om 0 . 7 8 5 3 7 4 *  0 . 1 8 1 7 0 1  0 . 2 7 4 9 2 7  0 . 0 1 6 7 5 9  
4 .  8 0m 0 . 7 9 5 1 6 7 *  0 . 1 8 8 2 8 6  0 . 3 0 6 7 5 3  - 0 . 0 4 4 5 2 1  
5 .  l O Orn 0 . 8 4 0 7 0 6 * 0 . 1 5 7 9 6 4  0 . 1 9 8 9 6 9  - 0 . 0 1 7 9 1 6 
6 .  Trunk e x ten s io n  - 0 . 2 0 6 7 4 1  0 . 0 7 3 7 5 9  0 . 0 2 6 1 6 5  0 . 3 0 8 2 4 4  
backward 
7 .  Trunk e x te n s i o n  - 0 . 1 3 2 0 8 2  0 . 1 4 1 6 4 3  - 0 . 0 2 3 4 7 2  0 . 1 4 3 0 1 3  
forward 
8 .  8 0 0m 0 . 2 3 8 6 0 4 0 . 0 5 2 2 6 7  0 . 8 5 1 5 4 0 *  0 . 0 5 0 7 1 6  
9 .  l O O Om 0 . 2 3 0 5 0 0  - 0 . 0 1 7 4 4 2  0 . 9 2 0 9 4 0 *  0 . 0 6 0 9 4 8  
1 0 . 1 2 0 0m 0 . 2 7 9 4 4 7  - 0 . 0 2 7 4 3 1  0 . 8 8 9 5 9 6 *  0 . 0 6 2 1 1 2  
1 1 . S hut t l e  run 0 . 6 7 2 9 6 1 *  0 . 0 6 8 2 6 0  0 . 1 3 5 4 7 1  0 . 1 6 9 3 0 5  
1 2 . S i de s te p s  0 . 1 3 1 6 6 9  0 . 0 7 4 9 3 2  - 0 . 0 1 9 9 4 9  - 0 . 2 5 2 1 7 0  
1 3 . Z i g  z a g  run 0 . 1 5 4 7 5 6  0 . 1 0 4 1 8 4  0 . 2 4 2 7 7 3  0 . 2 0 6 4 6 2  
1 4 . G r i p  s trength 0 . 2 7 1 6 3 4  0 . 8 5 4 9 3 3 *  0 . 0 6 4 5 5 5  - 0 . 0 5 2 4 8 9  
1 5 . Pus h-up 0 . 3 0 1 0 9 1  0 . 1 0 5 2 3 5  0 . 3 2 2 2 9 7  - 0 . 0 2 1 9 5 4  
CJ'\ 
0 
1 6 . Pu l l -up 0 . 4 9 5 1 1 6  0 . 0 4 7 3 1 8  0 . 1 5 4 4 0 3  0 . 0 5 5 4 3 7  
Tab l e  4 - 5  ( co n t . )  
The Ro tated Fa c to r  Ma t r i x o f  t he E i gh t  E x t r a c ted F a c t o r s  
----- - --
Conunun -
Var i ab l e  p p p p a l � ty 
5 6 7 8 ( h  ) - ---
1 .  4 OM 0 . 0 9 3 7 1 8 - 0 . 2 0 3 7 4 7  - 0 . 0 0 6 4 9 7 0 . 0 4 3 4 7 6  0 . 7 8 4 8 7 0 5  
2 .  5 0m 0 . 0 7 9 1 8 5  0 . 0 1 4 1 0 8  - 0 . 1 0 3 0 8 2  ·- 0 . 1 0 2 1 0 8  0 . 7 9 9 3 6 1 7 
3 .  6 0m 0 . 3 2 5 4 1 3  0 . 0 1 4 0 1 4  - 0 . 0 6 2 7 0 2  - 0 . 1 1 3 0 9 5  0 . 8 4 3 5 0 5 1  
4 .  8 0m 0 . 1 3 1 6 4 1  - 0 . 0 6 1 6 1 6  0 . 0 0 5 7 8 6  0 , 0 4 7 4 9 4  0 . 7 9 2 9 0 2 3  
5 .  l O Om 0 , 2 2 8 1 8 3  0 . 0 4 8 3 4 0  - 0 . 0 4 2 9 7 8 - 0 . 1 1 4 7 4 6  0 . 8 4 1 0 6 6 5  
6 .  Trunk e x t e n s ion 0 , 0 4 9 5 0 3  0 . 6 7 4 0 3 2 *  - 0 . 2 4 4 3 0 6 0 . 0 3 4 9 4 5  0 . 6 6 1 5 5 7 2  
ba c kwa r d  
7 .  Trunk e x ten s ion - 0 . 0 4 5 4 9 8  0 . 1 2 9 4 7 4  0 . 7 1 6 4 9 7 *  - 0 . 1 7 7 2 4 0  0 . 6 0 4 4 5 8 6  
forward 
8 .  8 0 0m 0 . 1 4 0 2 3 4  0 . 0 3 4 3 1 2  - 0 . 0 1 4 0 6 7  0 . 0 0 4 6 6 9  0 . 8 0 8 4 1 8 5  
9 .  l O O Om 0 . 0 7 4 0 9 0  0 . 0 0 5 6 5 2  0 . 0 6 4 8 0 8  - 0 . 0 9 5 5 3 5  0 . 9 2 4 1 4 4 3 
1 0 . 1 2 0 0ra 0 . 0 0 1 3 6 3  - 0 . 0 0 4 2 2 8  0 . 1 3 '1 3 5 2  - 0 . 1 0 8 0 9 3  0 , 9 0 4 3 7 7 7  
1 1 . S !'lu t t l e  r un - 0 . 0 1 5 8 5 8  - 0 . 0 7 5 2 4 9 0 . 2 1 6 1 8 1  - 0 . 1 8 4 3 7 3  0 . 5 9 1 2 2 4 4  
1 2 . S i de s t e p s  - 0 . 0 8 9 4 5 8  0 . 7 4 3 2 0 9 *  0 . 1 9 4 3 9 3  0 . 0 7 8 5 9 0  0 . 6 9 1 2 6 3 9  
1 3 . Z i g  z a g  run 0 . 0 9 9 7 1 4 0 . 3 6 0 1 7 4 *  0 . 0 0 4 1 9 2  - 0 . 4 9 6 9 4 9 0 . 5 2 3 0 1 2 9  
1 4 . G r i p  s trength 0 . 0 5 3 0 1 2  0 . 1 3 5 7 1 2  0 . 1 1 7 9 1 2  - 0 . 1 3 2 8 7 2  0 . 8 6 4 4 1 2 4  
1 5 . P u s h - up 0 . 2 0 8 8 2 4  - 0 . 1 9 2 8 3 3  0 . 5 7 3 6 1 6 *  - 0 . 0 8 5 2 3 1  0 . 6 2 3 1 7 9 0  m 
I-' 
1 6 . Pu l l -up 0 . 2 8 9 1 3 1  - 0 . 0 6 9 8 3 4  0 . 5 7 0 4 4 2  0 . 0 6 8 6 1 5 0 . 6 9 2 8 8 3 2  
Table 4 - 5  ( co n t . )  
The Ro tated F a c to r  Ma tr i x  o f  t he E i qht Ex trac ted Fac tor s  
Va r i a b l e  p l p 2 p 3 p 4 
1 7 . S i t - up fo r 3 0  s e c . 0 . 2 5 3 7 1 1  0 . 0 7 1 6 7 5  0 . 1 2 1 9 3 9  0 . 0 8 1 1 1 0  
1 8 . S i t  up for 1 m i n . 0 . 2 5 1 1 2 7  0 . 0 1 6 3 4 0 0 . 0 7 5 9 9 0  - 0 . 0 6 5 9 1 4 
1 9 . Ve r t i c a l  j ump 0 . 6 0 8 4 2 6 *  0 . 2 2 3 4 9 0  - 0 . 0 1 9 1 9 4  0 . 0 3 3 8 8 7  
2 0 . S tand i ng long j ump 0 . 6 8 7 3 1 2 *  0 . 1 2 4 4 7 4  - 0 . 0 7 0 3 2 1  0 . 0 4 4 4 7 5  
2 1 . T r i p l e  j ump 0 . 1 5 2 2 99 - 0 . 0 9 4 0 0 0  0 . 0 8 8 5 4 2 0 . 8 7 2 7 7 4 *  
2 2 . S o f tba l l throwing 0 . 1 2 9 2 4 9  0 . 2 5 1 1 7 3  0 . 0 5 3 4 1 4 0 . 8 0 9 3 2 6 *  
for d i s tance 
2 3 . H a ndba l l  throwi ng 0 . 4 1 9 8 0 3  0 . 5 0 1 3 5 1 *  0 . 1 7 8 5 7 1  0 , 0 8 4 9 7 1 
for d i s tance 
2 4 . S ho t  pu t  0 . 0 7 8 6 0 9 0 . 0 9 7 5 0 1  0 . 1 0 7 1 9 7  0 . 1 2 6 6 4 5 
2 5 . B a s e ba l l  throw i n g  0 . 1 1 1 9 8 0  0 . 2 0 8 8 0 6 - 0 . 0 5 0 4 8 4  - 0 . 1 5 6 3 1 0  
for a c c uracy 
2 6 . S o f tba l l  throwing 0 . 3 6 0 7 1 6  0 . 7 4 9 0 2 4 *  0 . 0 8 6 2 4 4  - 0 . 0 0 2 4 6 4  
for accuracy 
2 7 . He ight 0 . 2 1 1 7 0 8  0 . 8 8 4 3 6 8 *  0 . 0 2 4 1 8 2  0 . 0 7 5 4 8 4  
2 8 . We i g h t  0 . 0 3 1 8 2 2  0 . 9 0 8 6 9 8 *  - 0 . 0 6 3 7 8 4  0 . 0 0 7 2 8 7  
2 9 . Che s t  G i r th 0 . 0 6 5 4 7 3  o .  8 3 6 5 0 6 *  - 0 . 0 4 3 6 0 8  0 . 0 8 4 7 1 3  
F a c to r  Va r i ance 5 . 7 5 1 3 5 4 5 4 . 2 4 7 0 6 5  3 . 0 1 2 7 5 6 5  1 8 0 8 0 2 4 4  ( E i qe nva l ue s  0\ "' 
Pe rce ntage o f  
1 9 . 8 4 1 4 . 7 4  1 0 . 3 9  6 . 2 3 To t a l  Va r i a nc e  
Va r i a n c e  
1 7 . S i t-up for 3 0  s e c . 
1 8 . S i t-up for 1 m i n . 
1 9 . Ve r t i c a l  Jump 
2 0 . S tand i ng long j ump 
2 1 . Tr i p l e  j ump 
2 2 . S o f tba l l  throw i n g  
for d i s tance 
2 3 . H a ndba l l  throw i n g  
fo r d i s tance 
2 4 . Shot put 
2 5 . B a s ebal l throw ing 
fo r a c c uracy 
2 6 .  So f tba l l  throw i n g  
f o r  a c curacy 
2 7 . H e i g h t  
2 8 .  We i gh t  
2 9 .  Che s t  G i r th 
F a c to r  Var i anc e 
( E i genva l ue s )  
Pe rcentage o f  
To ta l Va r i a n ce 
Tabl e  4 - 5  ( co n t . )  




P 5 p 6 P 7 P 9 
0 . 9 0 0 7 6 7 *  - 0 . 0 5 9 9 2 7  0 . 0 2 4 4 9 3  - 0 . 0 5 6 3 1 9  
0 . 9 0 9 8 3 2 *  0 . 0 5 2 8 9 9  0 . 1 1 8 9 8 6  - 0 . 0 8 8 4 3 3  
o . 1 7 9 0 9 1  0 . 3 6 9 9 6 0  0 . 1 3 9 0 1 1  - 0 . 1 5 6 6 4 5  
0 . 0 0 4 3 4 3 0 . 2 4 0 5 7 6  0 . 3 1 7 2 4 1  - 0 . 1 5 2 5 4 3 
0 . 0 5 0 6 4 0  0 . 0 5 0 2 3 7  0 . 0 2 9 2 8 3  0 . 0 9 5 8 8 7  
- 0 . 0 5 6 4 6 0  - 0 . 0 5 4 8 8 3  0 . 0 1 8 5 4 6 3  - 0 . 2 2 4 7 9 2  
0 . 1 1 5 3 8 6  0 . 0 2 4 7 4 3 - 0 . 0 5 4 1 7 2  - 0 . 3 6 4 0 0 7  
0 . 1 2 6 3 5 2  - 0 . 0 3 5 6 3 7  0 . 0 6 5 7 0 5  - 0 . 7 4 6 9 8 7  
- 0 . 5 0 2 1 0  - 0 . 1 1 3 3 6 7  0 . 0 8 1 1 4 9  - 0 . 6 1 6 4 2 5  
0 . 1 8 0 6 0 5 0 . 1 1 5 7 0 9  0 . 2 0 0 6 6 3  - 0 . 1 8 9 7 2 7  
- 0 . 0 0 3 4 3 0  0 . 0 4 0 6 7 3  - 0 . 1 2 2 3 3 4  - 0 . 0 8 2 5 3 2  
- 0 . 0 6 7 1 0 4  - 0 . 0 5 2 1 1 1  0 . 0 1 5 7 4 2  - 0 . 0 6 1 7 4 9 
0 . 0 4 5 7 0 2  0 . 0 4 3 0 2 1  0 . 2 6 9 0 5 0  - 0 . 0 4 9 1 8 8  
2 . 1 2 1 9 4 5 8  1 . 5 0 9 6 7 9 6  1 . 6 7 7 0 8 7  1 . 6 3 1 1 2 9  
7 . 3 2 5 . 2 1 5 . 7 8 5 . 6 2  
Commun -
a l �ty 
(h ) 
0 . 9 0 9 6 9 8 5  
0 . 9 2 6 0 3 0 1  
0 . 6 3 4 4 5 2 1  
0 . 6 7 6 6 2 7 4 
0 . 8 0 6 7 4 4 9  
0 . 8 2 9 3 4 1 5  
0 . 6 1 6 0 5 7  
0 . 6 2 2 5 4 6 7  
0 . 4 3 5 0 5 8 7  
0 . 8 2 0 8 6 5 5  
0 . 8 5 7 5 3 3 7  
0 . 8 4 2 1 4 5 3  
0 . 7 9 7 9 3 1 9  
1 . 7 8 6 6 8 2  
CTI 
w 
7 5 . 1 3 
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Discu s sion o f  Data 
After the extraction of factor s , the meaning of these 
factors had to be a scertained . To recognize the meaning 
and property of the f actors , the rotated factor matrix must 
f irst be observed (Table 4 -4 ) .  As a rule , the subtests 
which have z ero or near z ero loadings on a factor must be 
identi fied (2 3 : 5 1 2 - 51 4 ) . 
In Table 4 - 4 , s even factor s were extracted . On Factor 
P1 subtests 1 ,  2 ,  3 ,  4 ,  5 ,  11 , 19 and 2 0  have l arger factor 
loadings whi le others have very smal l  loadings . Thi s means 
that these subtes t s  c an measur e  the abil ity that P1 
represented . The remaining subtests marked with " *" in the 
table can be attributed to their proper factors and c an be 
interpreted in the same way . The fol lowing are factors to 
which the subtests can be attributed : 
F actor P 1 : 
Factor P2 : 
Factor P3 : 
Factor P4 : 
Factor P 5 : 
Factor P 6 : 
F actor P 7 : 
4 0m ,  S Om ,  6 0m ,  8 0m ,  l O Om ,  shuttle run , 
vertical j ump ,  standing long j ump . 
Gr ip strength , handbal l throwing for 
di stance (shot put } , (basebal l throwing for 
accuracy ) , softball throwing for accuracy , 
height , weight , che s t  girth . 
8 0 0m ,  l O O Om ,  1 2 0 0m .  
Triple j ump ,  softbal l throwing for 
di stance . 
S it-ups for 3 0  second s , s it-ups for one 
minute . 
Trunk exten s ion backward , s ide- steps 
(z ig- z ag run } • 
Trunk extens ion forward , push-up ,  pul l -up . 
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Factor loadings in Table 4 - 4  marked with " � " means 
that the loading s of  this subte st on the particular factor 
are the l argest and yet its value is too smal l  and need s 
further study . 
From the foregoing factors , we c an infer the properties 
of the seven factor s .  
P1 inc luded three proper t i e s ; name ly ,  speed (4 0m ,  SOm , 
6 0m ,  8 0m ,  lOOm) , speedy shift o f  direction (shuttl e  run ) , 
and elasticity (vert ical j ump ,  standing long j ump } . It  was 
difficul t  to des ignate this facto r  properly . According to 
its properties , it was designated tentatively as speed­
explos ive s trength . 
P2 inc luded mus cular s trength ( grip strength )  , coordi ­
nation ( handball throwing for d i stance , shot put ) , accuracy 
(baseball  throwing for accuracy , softba l l  throwing for 
accuracy ) , s i z e  of body (height , weight , chest  girth) . The se 
four propert ies make interpretat ion more difficul t . The 
s i z e  o f  body takes a l arger rat io in the variance of P 2 • 
Also , grip strength , handba l l  throwing for distance and 
others were found to be re lated with the s i z e  o f  the body . 
There fore , P2 i s  d e signated tentatively as " s i z e  o f  body . " 
P 3 was somewhat s imple , inc luding 8 0 0m ,  lOOOm , and 
1 2 0 0m .  These three items were a l l  related to endurance , 
and are de signated a s  " enduranc e . "  
P4 inc luded triple j ump and so ftba l l  throwing for 
dis tanc e . The former was attr ibuted to power , whi le the 
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l atter to coordinat ion . However ,  upon c lose scrutiny , the 
triple j ump can be s aid to involve coordination of the who le 
body . Furthermore ,  the loadings of vertical j ump , standing 
long j ump ,  handbal l  throwing for dis tanc e , and shot-put on 
P4 can be compared ; evidently , the l atter two {attributed 
to coordination ) have larger fac tor loadings {i .e . ,  the 
first two are 0 . 0 5 8 3 2 9  and 0 . 0 7 2 4 3 5  respective ly , whi le the 
latter two are o . 1 4 6 7 7 3  and 0 . 2 6 2 0 21 respectively } . 
Therefor e , P 4 can be des ignated tentatively a s  " coordination . "  
P 5 inc luded sit-ups for 3 0 seconds and for 1 minute . 
These two items were apparently the performance o f  the 
strength of body muscle and so P 5 is des ignated as " the 
strength of bodi ly muscle . "  
P 6 inc luded two propertie s , flexibility (trunk exten­
sion backward ) and agil ity ( s ide- steps and z ig- z ag run) • 
For thi s factor , interpretation wa s al so rather d i f ficult . 
Based upon the property of  those  three items P 6 was 
des ignated as  " ag i l i ty . " 
P7 included three items (trunk extens ion forward , push­
up and pul l -up ) • With the exc eption of trunk extens ion 
forward which is attributed to flexibil ity , these activities 
are a s sociated with the abi lity to support the body for 
continuity o f  activit ies ; that is , a kind of dynamic 
strength . Tentatively , they were des ignated a s  " fl exibil ity 
and dynamic strength . '' 
The forego ing des ignat ion o f  £actors was based upon the 
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fol lowing a s sumption : A subj ect takes a test , and the te st 
result he exhibits comes about from hi s bas ic abi l ity .  Thi s  
basic abi lity is termed a s  a " factor . "  Therefore , the fore-
going identification and des ignation o f  factors are made up 
theoret ical ly for reference . 
We need to exp l ain i•communal ity · (h2 l "  a s  shown in 
Table 4 - 4 .  As mentioned before , h2 i s  obtained in the 
fol lowing way : 
h 2 1 = { 0 • 8 2 2 3 2 9 )  2 + ( 0 • 1 3  0.1 3 7 ) 2 + • • • + (- 0 • 0 3 0 6 7 9 )  2 = 
0 . 7 8 4 01 0 . 
h2 2 - { 0 . 7 6 9 3 3 1 ) 2 + ( 0 . 2 2 4 7 7 2 ) 2 + - • •  + (- 0 . 1 0 57 4 2 } 2 = 
0 . 7 9 7 3 57 . 
{The remaining ones c an be obtained in the - s ame manneJ; , l. 
The above calculations mean that 7 8 . 4 0 %  of the total 
variance of subtest 1 is attributed to the seven conunon 
factor s , P1 -P7 , and the rema ining 2 1 . 6 0 %  to other specific 
components and error components . The sum of communali ty 
and specific component i s  cal l ed "rel iabi l ity . " 
F inal ly , an analys i s  o f  the last row of Table 4 - 4 , 
s igni f i e s  that the s even conunon factors account for 7 1 . 2 3 % 
and that , of  the 7 1 . 2 3 percent , P1 accounts for 1 9 . 8 1 % , P2 
for 1 5 . 8 0 %  and so on . Henc e , the seven factors c an  be 
arranged in terms of  their importance as P1 , P2 , P3 , P4 , P 5 , 
P6 , P7 . 
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Tab l e  4 - 6  




From the 2 9  subte s t s  7 
common facto r s  can be 
extracted through factor 
analysis ,  which account 
for more than 7 0 %  o f  
var iance o f  the total 
tes t . 
Resul t 
A .  The 2 9  tes t items after 
analy s i s  yield 7 commo n 
f actors , which account 
for 7 1 . 2 3% of the to tal 
var iance . 
Cons i s t e nce 
Comp letely 
c o ns i s tent 
B. The subtests are B .  The 29 subtest s  are 
attr ibuted to the a t t r ibuted t o  the 
following f actors : f o llowing basic factor s : 
( 1 )  P 1 : 4 0m ,  5 0m ,  6 0m ,  ( 1 ) S peed-explo sive 
8 0m ,  Shutt le  run , strength : 4 0m ,  5 0m ,  
vertical j ump , stand- 6 0m ,  8 0m ,  l OOm , 
ing l ong j ump , t r iple shuttle run , vertical 
j ump . j ump , stand ing long 
j ump .  
(2) P2 : 800m ,  l OO Om ,  1 2 0 0m. ( 2 )  Endurance : 800m ,  l OOOm ,  
1 2 0 0m .  
Incons is t e nt 
Consistent 
( 3 )  P 3 : S it -ups , 3 0  
second s ;  S it-ups , 
1 minute . 
( 3 )  S t rength o f  bod ily mus- Co nsi stent 
cle : S it -ups , 30 seconds ;  
S it-ups , 1 minute . 
( 4 )  P4 : Push-up , Pull-up , 
J:runk extension 
f o rward . 
( 4 )  Flexibility and Dynamic Con s i stent 
strength : Push-up , Pull-
up , Trunk extension 
f o rward . 
( 5 )  P _ : P.andbal l throwing , 
s 6 f tbal l throwing , 
S h o t -put , Basebal l  
throwing marks , So ft­
b a l l  throwing marks . 
P6 : Height , Weight , 
Cfiest g irth , Gr ip 
s t rength . 
( 5 )  Coo rd inat ion , Triple 
j ump , S o ftbal l throw­
ing .  
( 6 ) ( 6) 
( 7 )  P7 : S ide-steps , Z ig-Zag  ( 7 )  run , Trunk extension 
backward . 
S iz e  o f  body : Gr ip 
st rength , handball 
throwing , ( Shot-put ) , 
(Baseball throwi ng 
marks) , S o f tball 
throwing marks , Height 
Weight , Chest g ir th . 
Agility : S ide-step , 
Zig-Zag run , Trunk 
extension backward . 
Inconsistent 
Incons iste nt 
Consistent 
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The as sumptions o f  the present study are formul ated on 
the basi s  of the Chines e  Education Mini s try Tryout Test and 
on the analys i s  of p ar t  of the interrelationships of the 
subtes ts .  As a who le , the assumptions and the findings o f  
thi s study are consi stent , though some d i fferences exist . 
The re-organ i z ation o f  s ome subtests are as fol lows : 
( 1 )  Triple j ump under P1 and softbal l throwing under 
P 5 are grouped under "Coordination . "  
(2 } A l l  the test items of P s except Softba l l  Throwing 
and all  the items of P 6 are grouped under " S i z e  of body . " 
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Compari son o f the Results of  the Study with Those Pub l i s hed 
of Other Scholars 
S chol ar s  in other countries have done a cons iderable 
amount o f  s tudy in phys ical f itnes s ,  and those s tudies done 
by factor analys is are c ited in the fo llowing for 
compar i son . 
Comparison o f  the Results of  Thi s Study with 
Literature of Other Countrie s  
Scho l ar  
C . H .  Mccloy 
L . M .  Jones 
E .  Mcc loy 
A .  J .  Wendler 
L . M .  Roulnac 
L .  A .  Larson 
T .  K .  Cureton 
(U . S . !> • •  ) Inde­
pendent factors 
with a cumulat ive 
frequency of five 
or more 
Structure of Physical  
F i tne s s  
1 .  Muscular S trength , 2 .  Speed , 3 .  Coor­
dination of Large Musc le 
1 .  Coordination of  Large Mus c le , 
2 .  S i z e  of Body 
1 .  Mus cu l ar S tr ength , 2 .  Speed , 
3 .  Weight 
1 .  Muscular S trength , 2 .  Speed , 3 .  
Abi lity to Learn Athletics , 4 .  Feel ings-­
Athletic coord ination 
1 .  Speed , 2 . Coordination , 3 .  Endurance , 
4 .  Weight 
1 .  Dynamic S trength , 2 .  Mus cular Strength 
measured by meter , 3 .  Coordination of 
Large Musc l e , 4 .  S trength of Abdominal 
Muscle 
1. Equ i l ibrium , 2 .  F lexib i l i ty ,  
3 .  Muscular Strength , 4 .  Power , 5 .  
Agil i ty ,  6 .  Endurance 
1 .  Muscu l ar Strength , 2 .  Speed , 3 .  Dead 
Weight , 4 .  Coordination o f  Large Mus c le , 
5 .  Ab i l ity to l earn Athletic s ,  6 .  Dynami c 
Muscular S trength 
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Factor identified 
as a result of 
this study 
1 .  Speed-exp l o s ive S trength , 2 .  S i z e  of  
o f  Body , 3 .  El'ldurance , 4 .  Coordination , 
5 .  S trength o f  Bod i ly Mus c le , 6 .  Agi l i ty ,  
7 .  Flexibi l i ty and Dynamic S trength 
As mentioned before , des ignation of  factors i s based 
on theories . Although di f ferent scho l ar s  obtained a s imi lar 
factor matrix , they defined d i fferently the operational 
definition of " phys ical fitnes s , "  and the items for 
analys i s a l so differed greatly . For the s e  reasons , the 
bas ic factors through analys i s  were inconsi s tent . On the 
previous page i t c an be s een that the number and d e s i gnation 
o f  factors extracted by var ious inve s t igators d i f fer from one 
another . I f  we do not inquire into what the factor contains , 
it is d i f f icult for u s  to make a compari son . Therefore , i t  
i s f itting for Chines e  inves tigator s t o  u s e  factor analys i s  
to determine the frequently occurring factors a s  the bas ic 
factors o f phys ical f itnes s .  
Compari son of the Results of Thi s  S tudy with the Chinese 
Education Ministry Tryout Test 
The basic  factor s assumed in the Chine s e  Education 
Ministry Tryout Tes t  seem acceptable to the peop le of 
China . However , a comparison of the results of the present 
study with the results of the Educat ion Mini stry Tryout Tes t  
ident i f i es other factors not inc luded in the orig inal test . 
A compar i s on of the se factors follows : 
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Compar i son of the Resu l t s  of Thi s Study with 
the Educ ation Ministry Tryout Test 
The Tryout Tes t  
I .  Speed Facto� : 
Inc ludes the 40 , S O , 60 , 
8 0 , and 1 0 0  meter dashe s  
I I . Flexibility F actor: 
Includes 1 .  Trunk exten­
s ion backward , 2 .  Trunk 
extens ion forward . 
I I I . Endurance factor , 
inc ludes : 1 .  8 0 0m ,  2 .  
l O O Om ,  { Boys o f  j unior 
high school ) 
Resul t s  o f  Thi s Study 
I .  Speed-explos ive s trength 
F acto!:': 
Includes the 40 , S O , 60 , 
8 0  and 1 0 0  meter da shes , 
S huttl e run , Vertical 
j ump , Standing long j ump . 
I I . Endur ance Factor : 
Inc ludes  1 . 8 0 0m ,  
2 .  l O O Om ,  3 .  1 2 0 0m 
I I I . Strength o f  bod i ly 
musc l e  Facto r : 
Inc ludes 1 .  S i t-up 
3 0  second , 2 .  S it-up 
for 1 minute 
IV . Agi l ity Factor : 1 .  Shuttl e IV . 
run , 2 .  S ide- step s , 
Flexibi lity and dynamic 
strength Facto� : :  Inc ludes 
1 . Push-up , 2 .  Pul l-up , 3 .  Z ig- zag run 
V .  Strength o f  upper extremity 
Factor : Inc ludes 1 .  Grip 
strength , 2 .  Push-up , 
3 .  Pull -up 
VI . Bod i ly strength Factor : 
Inc ludes 1 .  Sit-up s for 
3 0  s econds , 2 .  S it-up s 
for 1 minute 
VII . Power Facto� : Inc ludes 
1 . Vert ic al j ump ,  
2 .  Stand ing long j ump 
3 .  Triple j ump 
3 .  Trunk extens ion 
forward 
v. Coord ination Factor : 
Inc ludes 1 .  Tr iple j ump ,  
2 .  Softbal l throwing 
VI . S i z e  of body Factor : 
Inc ludes 1 .  Gr ip strength , 
2 .  Handball  throwing , 
3 .  Shot-put , 4 .  Basebal l 
throwing marks , 5 .  So ft­
bal l  throwing marks , 
6 .  Height , 7 .  we ight , 
8 .  Ch.est girth 
VI I .  Agi l ity Factor:  
Includes 1 .  S ide- steps , 
2 .  Z ig-zag run , 
3 . Trunk extens ion 
backward 
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The Tryout Tes t  (cont ' d }  Results o f  Thi s Study (cont ' d )  
VI II . Coordination F actor : 
Inc ludes 1 .  Softbal l 
throwing , 2 .  Handba l l  
throwing 
· 
IX.  Accuracy Factor : Inc ludes 
1 .  Baseba l l  throwing marks , 
2 .  Softball  throwing marks 
As can be seen above only two factors of thi s  study , 
" Endurance " and " Strength o f  bodi ly mu s c l e , "  cover the same 
items a s  that o f  the Educ ation Minis try Tryout Tes t ;  all  the 
others d i f fer great ly (e . g .  trunk extens ion forward and 
trunk extens ion backward are not under the same factor ; 
triple j ump and vertical j ump not under the s ame factor; 
softba l l  throwing and handbal l  throwing not under the same 
factor ) . It i s  evident that many tradit ional concepts may 
need to be mod i f ied . 
SUM.M,AJlY , CONCLUS IONS, ANO RECOMMENDATIONS 
This investigat ion was designed to expl ore the ba sic 
el ements o f  physical fitness which wil l  r ev eal sourc e 
materi al s for the co nstruction of physic al fitness tests 
for the Republi c of China . 
Subjects particip ating in this study were ra ndomly 
s el ec ted from two junior high schools in Kaohs iung C ity, 
Taiwan. A representative sample of fif ty mal e  s tud ents was 
randomly chosen from each school which compri s ed a total 
of 1 0 0  s e venth- grade males, a g ed twelve to thirte en years . 
E ig hty subjects compl eted the 2 9  s ub tests. 
The 2 9  s ubtests adm inistered to each of the s tudents 
were se lected by the investig ator a nd were an adap tation o f  
te sts devised b y  the Chinese E ducation Tryou t Tes t and the 
I nter national Conunittee on the Standardiza tion of Physi cal 
Fitness Te sts. Raw data scores for each of the s tudents 
pe rforma nc e we re recorded in matrix form and a factor 
anal ysis wa s  perfo rmed by comp uter with ref e rence to the 
ava ilable scores. The factor an al y si s  proced ure uti li zed 
the Harma n ' s Minres (Minimum Residual Factor Analy si s} , 
Ka iser ' s Var imax for ana lyti c r otation of factor ax es, 
a nd R. B .  Cattell ' s  " Scr ee Tes t" which determi ned the 
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number o f  factors to be used . 
The 2 9 subte sts  were compl eted over a two-day period 
from December 1 3 - 1 4 , 1 9 7 9 . A booklet showing the tes ting 
procedure was prepared and the teachers used to administer 
the test were trained . Al l testing events were held out­
doors at Jui -Fong Junior School .  A total of 14 events or 
subte s t s  were he ld on the first day whi l e  the remaining 1 5  
were admin i stered on the fol lowing day . Teacher s recorded 
each s tudent ' s  performance in each o f  the events . Two weeks 
later , the se s ame pup i l s  were asked to repeat the 2 9 subtests 
again , over a two-day period . 
Upon complet ion o f  the testing procedures , raw data 
score s were co l lected for each partic ipant in each of the 
2 9 subte s t s . Raw te st scores were recorded in matrix form 
and a factor analys i s was performed by computer with 
reference to the avai l able scores . 
Thi s s tudy revealed the pre s ence of  s even basic factors 
which comprised phys ical fitnes s :  speed-explos ive s trength , 
s i z e  o f  body , endurance ,  coordination , strength o f  bodily 
muscle , agi l ity , and flexibi l ity-dynamic s trength . It  was 
d iscovered that there was an independent relation ship 
between each o f  the s even factor s . Therefore , i t  was 
concluded that s tudents who scored high in one a spect o f  
physical f itne s s  may not score high o n  other a spec ts o f  
phy s ical  fitne s s .  
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Conc lus ions 
(l } The bas i c  f actors that make up phy s ical fitne s s  are 
seven : s peed-explos ive strength , s iz e  of body , endurance ,  
coordination , s trength of  bodily muscle , agility , and 
flexibility-dynamic strength . These seven bas ic fac tors c an 
account for more than 70 percent of the total variance of 
physical fitness . At this point , the results of this s tudy 
are consistent with hypotheses . 
( 2 )  The factors to which the phy s ic al fitnes s test 
items are attribut ed are l i sted below . The results agree 
with most part of the hypothes e s , but " coordination " and 
" s iz e  of body " do d iffer from the hypothes is . As compared 
with the Chinese Education Ministry Tryout Tes t , al l factors 
but two d i f fer greatly . Those two identical factor s are 
" endurance " and " strength of  bod ily muscle . "  
(The following subtes t s  are arranged in sequence of 
the values of their load ings on the factor ) : 
(I) Speed-explosive s tr ength : l O Om ,  40m , 80m ,  
6 0m ,  50m , Standing long j ump , Shuttle run ,  
Vert ic al j ump .  
(II) Si z e  o f  bodt : Height , Weight , Grip s trength , 
Ches t  girth , Soft-bal l throw for accuracy , 
Handball throw for distance , (Baseball 
(III) 
(IV) 
throw for accuracy } , (Shot-putl . 
Endurance :  l O O Om ,  12 00m , 8 0 0m . 
Coordination : Triple j ump ,  Softbal l  throw 
for di stanc e . 
(V) S trength o f  bodi ly musc l e : S it-ups for 
1 minute , S it-ups for 3 0  s econd s . 
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(VI ) Agi li ty : Side -step s , Trunk extens ion back­
ward , (Z ig-z ag run ) . 
(VI I )  F l exibi l ity-dynamic strength : Trunk 
extens ion forward , Push-up s , Pul l-up s . 
(3 ) The ba s i c  factors which account for a larger 
percentage of the total variance are " speed-explos ive 
strength " ( 1 9 . 9 1 % ) , " s i z e  of body " (l 5 . 8 0 % ) , " endurance "  
(1 0 . 5 1 % ) , whereas the others in s equence are " strength of 
bodi ly muscl e "  (7 . 4 2 % ) , " coordination " (6 . 5 0 % ) , " flexib i l i ty­
dynamic s trength " ( 5 . 8 3 % } , " ag i l ity " ( 5 . 3 2 % } . 
( 4 )  The part (h2 ) of the subtest variances accounted 
for by the above s even common factors are shown a s  fol lows : 
( " * " ind icates low communal ity , i . e .  val idity o f  the 





l O Om 
Trunk 





: 0 . 7 8 4 0 1 0  
: 0 . 7 9 7 5 3 7  
: 0 . 8 4 6 0 8 1  
: 0 . 7 8 7 7 1 2  
: 0 . 8 3 2 3 3 6  
: 0 . 6 5 3 2 8 0 
: 0 . 5 9 2 3 4 8  
Pul l -ups : 0 . 6 4 3 0 7 5 
S it-ups for 3 0  second s : 0 . 8 9 1 1 3 2  
S it-ups for 1 minute : 0 . 9 1 9 4 2 1  
Vertical j ump : 0 . 6 2 7 4 9 9  
Stand ing long j ump : 0 . 6 6 3 9 0 5  
Tr iple j ump : 0 . 7 6 2 5 8 5  
Softba l l  throwing for 
d i stanc e : 0 . 8 2 8 0 7 0  
Handba l l  throwing for 
d i s tance : 0 . 5 8 0 4 1 2 
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8 0 0m : 0 . 7 8 4 7 8 8 Shot-put : 0 . 2 9 3 7 6 C * 
l O O Om : 0 . 9 1 9 9 2 4  Basebal l  throwing for 
ac curacy : 0 . 1 9 8 2 8 7 * 
12 0 0m : 0 . 9 0 2 4 7 2  
Softbal l throwing for 
Shuttle run : 0 . 5 7 5 6 7 9 •  accuracy : 0 . 81 5 8 9 5  
S ide- step : 0 . 6 8 8 5 6 2  Height : 0 . 8 4 2 6 7 9 
Z ig-z ag run : 0 . 4 0 8 3 9 0  Weight : 0 . 8 1 9 4 1 5  
Grip Che st girth : 0 . 7 3 6 1 4 8 
s trength : 0 . 8 5 3 1 9 6  
Push-up : 0 . 6 0 8 7 7 9 
Recommendations 
The fol lowing sugges t ion s are based on the foregoing 
conclus ion : 
( l }  To conduct the s imi l ar investigation in a l arge 
s cale s amp l ing : Thi s  s tudy i s  the first o f  its kind employ-
ing factor analys i s  to inve s t igate the s tructure of phys ical 
f itne s s . The find ings have contradicted to some o f  our 
traditional concepts (e . g .  " Trunk extens ion forward " and 
" Trunk extens ion backward " are not under the same factor , 
wherea s " Softbal l  throwing " and "Trip l e  j ump "  are under the 
same factor ) . The wr iter o f  the pres ent s tudy could not 
afford financ ial ly a s tudy with a l arger s ample than the 
present one ,  which included only the first-year boy students 
of j un ior high schoo l s  in Kaohs iung , and could not include 
more tes t  items that usual ly employed in mea surement of 
phys ical f itnes s .  Therefore , the f ind ings of  thi s s tudy 
i s  l imited in inference . The wr iter would l ike to make a 
7 9  
s uggestion that Chinese scholars or research institutes 
should conduct a study of physical f itnes s of the students 
of all school level s  with more extens ive test i tems and with 
the co llected data to analyze the bas ic factors of physical 
fitnes s .  It  may confirm the findings o f  this study , al so 
it may promote the academic study in the field of physical 
fitnes s .  
(2 } Based on the findings of this study , it is  s ugges ted 
that , for the junior high s chool students , the tes ting re­
s ult in the following test items can be used for evaluation 
of the students ' physic al fitnes s .  
1 .  l O Om das h ,  2 .  H eight , 3 .  l O O Om  run, 4 .  Softball 
throwing, 5 .  Sit-ups for 1 minute, 6 .  Side-s teps , 
7 .  Push-ups . 
The criterion for choos ing the above items i s  such 
that, under each factor , the item with higher factor load­
ings and l arger connnunal ity is to be cho s en. 
(3 ) It was found that the relations hip between these 
s even factors was negl igib l e . Those students who scored 
high on certain aspects of physical fitne s s  may not s core 
high on others . Therefore , "physical fitnes s  in general " 
c annot be used as criteria for evaluating individual 
difference of student ' s  phys ical f itne s s . Some s tudents who 
perform badly in one aspect may do wel l  i n  other aspects . 
The prevailing training of " athletic stars " in schools is 
apparently a misconception . We should provide a program 
for a l l  to enabl e  every s tudent to develop his phy s ical 
fitnes s to their utmost . 
8 0  
( 4 ) The present s tudy i s  the first factor ana ly s i s  
s tudy completed i n  the Repub l ic o f  China and further s tudy 
i s  needed to confirm the f indings . 
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(Tran s l ated from Chines e  Test Manual by Chen-Hs ing Huang ) 
I .  Speed 
Equipment and Fac i l ities 
The following equipment and fac i l it i e s  are needed : 
1 .  A Track with l anes 1 . 25 meters wide . 
2 .  Finish l ine pos t s  
3 .  Measur ing tape 
4 .  Whistle 
5 .  Starting gun 
6 .  Ten s top watches ( . 1  s econd accuracy ) 
7 .  Signal f lag or Nhi s t le 
8 .  Lime s tone 
Methods 
1 .  The starting l ine should be marked and finish l ines 
for the 4 0 , 5 0 , 6 0 , 8 0 , and 1 0 0  meter d ashes should 
a l so be marked . 
2 .  Timekeepers shou ld s tand at each finish l ine and 
record the time at e ach d i s t ance . 
3 .  The s tarter s tand s three meter s be fore the starting 
l ine and contacts the timers wi th a s ignal flag or 
whi stl e .  
4 .  The starter u s e s  the commands " are you ready " and 
then f ire s the gun . 
5 . Each student wi l l  take the tests two t imes with 
at least 4 5  minutes between tes t s . 
S cor ing 
Rules 
1 . The scores are to be recorded to the neare s t  
tenth of  a second . 
2 .  The be s t  o f  the two t imes wi l l  be used for the 
score . 
1 .  Students taking the test are to wear regu l ar gym 
8 8  
shoes without sp ikes . 
2 .  S tudent s may run b arefoot .  
3 .  No starting a id s  are al lowed . 
I I . F lexib i l i ty 
8 9  
Trunk Extens ion Backward 
Equipment and Faci l ities 
1 .  Thin vinyl plastic sheets (4  in . x 6 in . )  
2 .  Measuring s tick ( ruler)  or compas s . 
3 .  Chalk . 
Methods 
1 .  Student s being tes ted should be face down on their 
s tomach and c l asp the ir hands behind their back . 
The legs are spread 4 5  cm in width . 
2 .  The Tes t inspector s tand s in the midd le of  the 
per son ' s  legs and pushes down on the upper p art 
of  the legs . 
3 .  On the conunand to start the s tudent should move 
the che st upward keep ing the chin tucked in 
unti l  the test i s  over . 
4 .  Us ing a measuring s tick , the inspector mea sures 
the he ight o f  the chin perpendicular to the f loor . 
S coring 
Rules  
1 .  Only one test wi l l  be recorded . 
2 .  The heighth wi l l  be measured in c ent imeter s . 
1 .  The inspector cannot push the s tudent ' s  hips . 
2 .  The chin should remain tucked in during the Tes t  
and not extended . 
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Trunk Extens ion Forward 
Equipment and Fac i l ities 
1 .  Need chairs  or bench 5 0  centimeters high to s tand 
on . 
2 .  Measuring s t ick at least ioo cent imeters long . 
Methods 
1 .  Students stand on the cha i r  with feet together 
facing the front . 
2 . The student should bend forward keep ing the hands 
paral le l  and fingers placed on the measuring stick . 
The fingers s l ide down the s t ick a s  the head i s  
lowered between the legs which c annot be bent . 
3 .  Each s tudent wil l  be tested two t ime s . 
Scoring 
Rules 
1 .  The inspector wil l  read the number in c entimeters 
at the fingert ip s . 
2 .  The be st s core from the two tests wi l l  be recorded . 
3 .  The results wi l l  be recorded in cent imeters and 
rounded to the nearest tenth . 
1 .  The s tudent i s  to gradual ly bend the trunk forward 
without us ing forceful movements .  
2 .  The knees must be kept s traight dur ing the tes t . 
I I I . Endurance 
The endurance test used in the j un ior high school was 
the 8 0 0 , 1 0 0 0 , and 1 2 0 0  meter run . 
Equipment and Fac i l ities 
1 . A 4 0 0  meter track proper ly marked with a start and 
finish  line . 
2 .  Limes tone for marking 
3 . A whis t le 
4 .  A s ignal flag 
5 .  S everal s top watches 




1 .  The starter stands three meters in front of the 
starting l ine 
2 .  The s tudents s tand three meters behind the line . 
On the command " are you ready , "  the s tudent s teps 
toward the l ine . The student s tarts the run on 
the command of " go "  or the whistl e . 
3 . A t imekeeper s tand s at each finish mark ( 8 0 0 , 1 0 0 0 , 
1 2 0 0  meters )  to indicate the times 
Scoring 
Rules 
1 .  The timekeeper read s  the t ime for e ach s tudent to 
the neares t  s econd and the inspector records the 
time . 
1 .  The weather should be mi ld , not hot or humid . 
2 .  The track shou ld be f l at and c l ean . 
IV . Ag i l i ty 
S ide-Step s  
Equipment and Faci l ities 
1 .  Use a flat concrete floor 
2 .  A center line with two p ar al lel  l ines one meter 
from the center one used . 
Method 
1 .  Students stand on the center l ine 
2 . Start by making a step with both feet to the right 
over the l ine , then return to the center and make 
the s ame step to the left and repeat for 2 0  second s . 
S coring 
Rules 
1 .  Each time the s tudent passes a paral lel l ine (over 
and back ) one po int i s  scored for each cros s ing . 
1 .  us e a non- s lippery floor 
2 .  No points are s cored when a foot touches the paral le l  
l ine o r  doe s  not stand o n  the c enter l ine . 
Z i g- Z ag Run 
Equipment and Facil ities 
1 .  Use five chairs 
2 .  Limestone for marking 
3 .  Tape me asure 
4 .  Stop watch 
5 .  Basebal l court ( concrete ) 
Method 
1 .  The chairs are pl aced 2 . 5  meters apart with the 
first chair 2 . 5  meters from the start . 
2 .  S tudent stand s behind the s tarting l ine . 
3 .  The start ing s ignal i s  " are you ready , " " go " . 
4 .  The s tudent run s  a z ig-zag route around the f ive 
chairs and f inishe s  at the starting line . 
5 .  The student i s  to take the te st one time . 
S coring 
Rules 
1 .  The s core i s  the t ime e l apsed for the run . 
2 .  Time wi l l  be measured to the nearest tenth o f  a 
second . 
1 .  Student mus t  not touch the chairs . 
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Shuttle Run 
Equipment and fac i l ities 
1 .  Need a flat field marked with two paral lel l ines 
ten meters apart . Two c ircle s  50 centimeters in 
d i ameter , one drawn beyond each l ine . 
2 .  Two piece s of SxS cm wooden blocks , one p laced in 
the circle . 
Method 
1 .  The s tarting point i s  the l ine . 
2 .  The starter s ays " are you ready , " and s ays " go "  
or blows a whi s t le . 
3 .  The s tudent runs to the other l ine and p icks up 
one block and brings it b ack to the other c ircle 
and p laces  it down . The s tudent returns to get the 
second block and f ini she s  by running acro s s  the 
l ine with the b lock . 
Scoring 
Rules 
1 .  T ime is  recorded to the neares t  tenth o f  a 
second . 
2 .  The test i s admini stered two t ime s for each student . 
The best t ime i s  used for the s core . 
1 .  The surface should be flat but not s l ippery . 
2 .  I f  the block i s  thrown into the c ircle , the test 
should be taken over . 
V .  Strength o f  Upper 
Extremity and Trunk 
Grip Strength 
Equipment 
1 .  A Smedley Dynamometer for grip s trength 
2 .  MgC03 
3 .  Table and Chairs 
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Method 
1 .  Ins trument s hould be adj us ted so it may be gr ipped 
by the fingers and palm of the hand . 
2 .  When holding the ins trument , the hand o f  the gauge 
should point outward . 
3 .  Stand with the body s traight , feet open , and hands 
to the s ide . 
Scoring 
Rules 
1 .  The student uses the dominant hand and grasps the 
instrument two times with a five minute interva l . 
2 .  The re sults  are recorded in ki lograms . 
1. The dynamorneter mus t  be squeez ed on ly by the hand 
without the aid of shaking or touching the body . 
Push-up s  
Equipment and fac i l ities 
1 .  Need mats  or vinyl c loth . 
Method 
1 .  As sume a front leaning rest pos ition with the 
hand s directly on l ine with the shoulders and 
l egs  extended behind . 
2 .  The arms should be perpendicular to the ground with 
the neck , back , legs , and feet s traight . 
3 .  The elbows are bent unti l  the che s t  nearly touche s 
the ground . The abdomen should not touch . 
4 . The only movement i s  the arms a s  they are bent 
at the elbow . 
S coring 
1 .  Each per son takes the test one time . 
2 .  S cores wi l l  be recorded by the number o f  pushups 
comp leted . 
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Rules 
1 .  The head , shoulders , back , and hips should be 
formed a s  a slope . 
S it-up s  
Equipment and fac i l ities 
1 .  U se mats or vinyl c l oth 
2 .  Stop watch 
Method 
1 .  The sub j ect lies on the mat with feet spread 
3 0  centimeters with the knees bent a oo . 
2 .  Ho ld the hands in back of the neck . 
3 .  The inspector examines the knee s  to be certain 
the feet are kept in touch with the f loor . 
4 .  The cormnand to start i s  initiated by the s ignal 
"Are you ready ? " The subj ect moves on command to 
touch the e lbows on the knees  and return to the 
origina l  pos ition . 
S coring 
1 .  
2 .  
Rules 
1 .  
2 .  
3 .  
4 .  
s .  
6 . 
Record the number o f  s itups made in 3 0  s econds 
and al so 1 minute . 
The test i s  admini s tered once for each time l imit . 
Do not pus h  off the f loor with the e lbows . 
Keep hand s behind the neck dur ing the te s t . 
The knee s must be bent to s o 0 with the feet held to 
the floor . 
The back should touch the f loor to comp lete one 
s i tup . 
I f  neces sary , short stops are al lowed . 
More than one student may be tested at a time . 
9 6  
Pull-ups 
Equipment and Fac i l i ties  
1 .  Pul l-up bar 
2 .  S tool 
3 .  Mg Co3 
Method 
1 .  Gra sp the bar with the palms away . (Pos itive Grip ) 
2 .  The distance between the hands i s  the same as the 
width o f  the s houlder s .  
3 .  After gr ipp ing the bar the s tudent wi l l  hang unti l  
ordered t o  start . The pul l-up i s  accomp l i s hed when 
the chin i s  p laced over the bar . 
4 .  The student mus t  return to the origina l pos it ion 
with the arms s traight . 
S cor ing 
Rules 
1 .  Eac h  time the chin goes over the bar counts one 
time . 
2 .  Tes t  i s  administered onc e . 
1 .  Kicking and swinging i s  not a l lowed . The examiner 
can only help correct the pos ition of the body . 
2 .  The s tudent mus t  cease taking the test when he 
stops for two s econd s . 
3 .  The he ight o f  the b ar s hould be higher than the 
tal les t students . 
4 .  More than one student c an take the tes t at one 
t ime . 
VI POWER 
Vertical Jump 
Equipment · and faci lities 
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1 .  Vertical wal l 
2 .  Colored chalk 
3 .  Measuring s t i ck 
4 .  A l ine 2 0  centimeters and parallel  to the wal l . 
Method 
1 .  The s tudent reaches up and makes a mark on the 
wal l  with the tips o f  the fingers . 
2 .  The student crouche s down (bends knees ) , swings 
the hand s and j ump s  up and marks the wal l  again . 
3 .  The student cannot touch the wal l  with both feet . 
However , one foot may touch . 
Scoring 
Rules 
1 .  Measure the distance between the stand s t i l l  reach 
and the point reached when j umping . 
2 .  Measurements wi l l  be made in centimeters . 
1 .  The feet mus t  be placed square ly on the f loor . 
Standing Long Jump 
Equipment and fac i l ities 
1 .  Need a f l at area e i ther a non- s lippery f loor or 
ground 
2 .  L imestone 
3 .  Measur ing s tick 
Method 
1 .  S tudent ' s toe s should be behind the s tarting l ine 
and standing flat footed when ready to j ump .  
2 .  Student may swing the arms back and forth when 
j umping . 
S cor ing 
1 .  Each student i s  te sted two t ime s and the best 
s core i s  recorded to the neares t  centimeter . 
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Rules 
1 .  Students may use regu l ar gym shoes without spikes . 
2 .  The distance i s  measured from the s tarting l ine to 
the nearest  spot where the back of the foot (heel )  
touches the ground . 
3 .  I f  the s tudent fal l s  when l anding they should 
retake the test . 
Triple Jump 
Equipment and F ac i l i ties 
1 .  Need a flat non-s l ippery f ie ld . 
2 .  L imes tone 
3 .  Measuring tape 
Method 
1 .  S tarting from a stand ing pos ition behind the l ine 
the student hops on one foot , steps to the other , 
and then j umps to both feet . 
2 .  The measurement i s  from the s tarting l ine to the 
nearest po int where the body touches the ground . 
S coring 
Rules 
1 .  Each s tudent is tested two t imes once the best score 
is recorded in centimeters .  
1 .  Soft sole s hoes (no spike s ) or barefoot are al lowed . 
2 .  The j ump must be cont inuous with no s tops unti l 
fini shed . 
3 .  The measuring distance i s  from the starting l ine 
to the neare st po int where the body touches the 
ground . 
VI I COORDINATION 
Baseba l l  Throw for D i stance 
Equipment and faci l ities 
1 .  Basebal l s  
2 .  Measuring Tape 
3 .  Limestone 
4 .  Field area 8 0 - 1 0 0  meters 
5 .  Mark area by two l ines f ive meters apart for the 
throwing area 
99 
6 .  Flags on sticks to p lace in the ground to mark the 
throw 
Method 
1 .  Throw the bal l from within the throwing area . 
2 .  Student s are placed in groups o f  five and take 
turns throwing unt i l  they have completed three 
throws . 
3 .  The overhand throw i s  used . 
Scoring 
1 .  The measurement i s  made from the starting l ine to 
the po int of the greate st d i stanc e . 
2 .  The score i s  recorded to the neares t hal f  meter 
( Ex .  8 0 . 0  or 8 0 . 5 ) . 
Handbal l  Throw 
Equipment and fac i l ities 
1 .  Need a two meter c ircle with two l ines on a 3 0° 
angle from the center o f  the circle . Arc s  within 
the throwing area are marked one meter apart 
starting at the 1 0  meter and cont inuing through the 
5 0  meter arc . 
2 .  Handball - s i z e  number two (4 8 centimeters ) 
3 .  Measuring tape 
4 .  Small  flags on sticks for marking the land ing spot . 
Method 
1 .  Mus t  throw the bal l within the throwing area 
boundaries . 
2 .  The thrower ' s feet mus t  rema in in the c ircle . 
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3 .  After throwing the bal l  the s tudent must remain in 
the circle unti l  excus ed . 
4 .  The overhand throw i s  used . 
5 .  Students are placed in group s of five and take 




1 .  The best result i s  recorded to the neares t  hal f  
meter {EX . 8 0 . 0  o r  8 0 . 5 ) . 
1 .  The test i s  not conducted during windy conditions . 
VI I I  ACCURACY 
B asebal l  Throw for Accuracy 
Equ ipment and fac i l ities 
1 .  Basebal l s  
2 .  Measuring tape 
3 .  Chalk 
4 .  Limestone 
5 .  Throwing target on a wal l . Target s i z e  is 5 0x 5 0  
c entimeters square . The target is  p l aced one-half 
meter above the ground . 
6 .  Target i s 1 0  meters from the throwing po int . 
Method 
1 .  Student sband s  in a c ircle before throwing at the 
target . The s tudent uses the overhand throw . 
2 .  Two practice trials  are allowed . 
3 .  The students are a l lowed ten throws for scor ing . 
Scoring 
1 .  Each hit o f  the target i s  scored one po int . The 
maximum score is ten . 
Rules 
1 .  Student mus t  throw from the throwing circ l e . 
Softba l l  Throwing for Accuracy 
Equipment and Fac i lities 
1 .  So ftbal l s  
2 .  Measuring tape 
3 .  Flat wal l wi th a target that has 2 0 ,  3 0  and 4 0  
centimeter c ircle s . 
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4 .  The throwing c irc le i s  four meters from the target . 
Method 
1 .  The underhand throw i s  used . 
2 .  Two practice trials are al lowed . 
3 .  F ive throws are allowed for the te st . 
Scoring 
1 .  Hits on the 2 0  cm areas are s co red 3 points , 
the 3 0  cm area i s  2 points , and the 4 0  cm area 
is scored 1 point . 
2 .  Record the total score of  the five throws . 
IX S I ZE OF BODY 
neight 
Equipment and fac i l i t ies 
1 .  F ixed wooden measuring s tand . 
Method 
1 .  The s tudent stands with relaxed shoulders and the 
feet at 6 0 ° angle . 
2 .  The inspector stand s on the s tudent ' s  left s ide , 
helping the student acquire the correct pos ture . 
3 .  Measures from the top of  the head not the hair . 
Scoring 
Rules 
1 .  Measure to the nearest centimeter . 
1 .  The measuring i s  conducted at 1 0  AM .  
Weight 
Equipment and fac i l i tie s  
1 .  Spring weighing machine ( scales } 
Method 
1 0 2  
1 .  The s tudent i s  we ighed in short s  and without shoes . 
2 .  The s tudent should stand at the center of the 
weighing machine (scales ) • 
Scoring 
Rules 
1 .  Mea surements are taken in kilograms . 
1 .  Adj ust the scales to z ero before us ing . 
2 .  Students s hould step on the sc ales l ightly and 
smooth . 
Chest Girth 
Equipment and fac i l ities 
1 .  T ape mea sure 
Method 
1 .  Measurement i s  taken around the body at the 
nipple leve l . 
2 .  The measurements one taken two times . One when 
inhaling and one whi le exhaled . 
S coring 
1 .  The two mea surement s are averaged for the s core . 
Rules 
1 . The tape measure should be tight for accurate 
measurement . 
1 0 3  
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